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Foreword 



It is well known that in the Western part of the world and in Japan, the population is aging 
rapidly, mainly due to advances in healthcare. Swallowing disturbances and dysphagia are 
therefore becoming increasingly common problems in the daily practice of many radiolo- 
gists. 

This volume very comprehensively presents all imaging aspects of the pharynx and the 
esophagus. It has been written and edited from a clinical point of view, beginning with 
anatomy and physiology and covering the whole spectrum of functional and morphological 
disorders of these organs. 

Great attention is given to the various examination techniques now used, with reference 
made to manometric and endoscopic features where appropriate. 

The text is well written and is supplemented by numerous superb illustrations. 

The editor, Professor Dr. O. Ekberg, is an internationally acclaimed expert in the field with 
a lifelong dedication to and interest in imaging of the pharynx and esophagus. The authors 
of the individual chapters have been invited to contribute to the volume on account of their 
long-standing experience and major contributions to the radiological literature on the topic. 
I would like to thank the editor and the authors and congratulate them most sincerely on this 
outstanding volume. 

I am confident that it will meet with great interest both from general and gastrointestinal 
radiologists and from surgeons, ear, nose, and throat specialists, and gastroenterologists, and 
I am sure that it will be as well received by readers as previous volumes published in this 
series have been. 
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Albert L. Baert 



To my wife 



Guje 

for her love, encouragement and support during all those years 

Olle Ekberg 



Preface 



Accurate radiologic assessment of the pharynx and esophagus is crucial for diagnosis and 
treatment of patients with dysphagia. Such a work-up often relies on a multi-disciplinary 
approach. Radiology is always crucial, since transportation from ingestion until the bolus 
reaches the stomach is best monitored with radiology. The diagnosis relies on an inter- 
disciplinary approach; for the radiologist this means that he must have a thorough clinical 
understanding of the patient’s symptomatology and disease entities. It also means that the 
clinician, whether an ENT-surgeon, neurologist, gastroenterologist or speech-and-language 
pathologist, must have a profound understanding of the potentials and limitations of radio- 
logic studies. This book is an attempt to cover some of this territory, by presenting important 
aspects of radiology in patients with dysphagia. 

A thorough knowledge and understanding of anatomy, physiology, pathophysiology, 
pathology and clinical background is required for those using radiology as a modality for 
dysphagia evaluation and treatment. I have selected topics that represent problems most 
commonly encountered in these clinical settings to provide an educational and reference tool 
for a broad readership. The text provides both theoretical background and practical hints 
for understanding how radiology can contribute in the dysphagic patient. The volume spans 
the clinical scenario from subtle, mild dysphagia supposedly due to an isolated neuritis, on 
the one extreme, to patients who have undergone esophagectomy or other major surgical 
procedures, on the other. 

This work is truly a compilation of the experience culled from different experts. Therefore 
both techniques for performing studies and interpretation may differ simply as a reflection 
of personal experience. As long as radiology of the pharynx and esophagus is not done cur- 
sorily, different techniques can be used. However, custom tailoring means different things 
to different people. Remember that the three different anatomical and functional compart- 
ments (oral cavity, pharynx and esophagus) are very different in terms of neurologic control 
and panorama of disease entities. It is hoped that this volume may provide thorough and 
ample information to all those engaged in the imaging evaluation of swallowing. 

Both my own interest and this book grew out of contacts and interaction with several people 
over the years. I am particularly grateful to have been able to spend days and weeks together 
with Dr James F. Bosma. His encyclopaedic knowledge about the normal and abnormal swal- 
low and his ability always to put radiology in a larger context was pivotal in my education. 

I also owe a debt of gratitude to Dr Goran Nylander, who opened my eyes to this fascinat- 
ing topic. My inspiration came from his teaching. 

Moreover, I learned tremendously from endless discussions with Dr Michael J Feinberg, 
who had the ability to see beyond the milliseconds and to visualise how to conceptually 
understand swallowing. He thought and taught in terms of morphodynamics. 

With deep appreciation I must confess that Eva Prahl, with her skilful assistance, kept all 
the loose ends together for this volume. 
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1.1 

Introduction 

The swallowing apparatus is made up of three ana- 
tomically and functionally separated, but integrated, 
areas, namely the oral cavity, the pharynx and the 
esophagus. These are tubular structures with muscu- 
lar walls, in certain areas containing bone and carti- 
lage. Each compartment functions independently, but 
for a successful swallowing process a finely tuned co- 
ordination between the compartments is necessary. 
Each compartment acts as a hydrodynamic pump. 
Between these pumps are interconnected valves. 

In order to interpret the radiological examination, 
detailed knowledge about anatomy and physiology in 
this area is mandatory. In this context it is also impor- 
tant to understand that the larynx, both anatomically 
and physiologically, is an integrated part of the 
pharynx during swallowing. The nomenclature used 
in this chapter corresponds to anglicised Latin com- 
monly in use (Williams et al. 1989). The description 

O. Ekberg, MD 

Professor, Department of Diagnostic Radiology, Malmo Uni- 
versity Hospital, 205 02 Malmo, Sweden 
G. Nylander, MD 

Associate Professor, Department of Diagnostic Radiology, 
Malmo University Hospital, 205 02 Malmo, Sweden 



below refers to the adult individual. Those interested 
in newborns and infants are referred to works by 
Bosma (1973, 1976). 



1.2 

Anatomy of the Pharynx and Larynx 

1 . 2.1 

Cartilages of the Larynx and Pharynx 

Several of the important swallowing muscles insert 
on the inside of the mandible (Fig. 1.1). On the inside 
and medial surface of the mandible there is a centi- 
metre-sized crest called the mylohyoid line, where the 
mylohyoid muscle inserts. Anteriorly in the midline 
on the posterior surface of the mandible there is a 




couple of eminences (mental spines) on which the 
geniohyoid and genioglossus muscles insert. These 
muscles then also insert within the tongue and on the 
hyoid bone, respectively. The hyoid bone is made up 
of a body and four horns, two on each side (Fig. 1.2). 
The upper two are called: the lesser cornu of the 
hyoid bone, and the lower ones: the greater cornu of 
the hyoid bone. From the upper lesser cornu there is 
a ligament that connects the cornu with the styloid 
process of the skull base. This ligament is called the 
stylohyoid ligament. 
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greater cornu of the hyoid bone lesser cornu of the hyoid bone 





Fig. 1.2a,b. The hyoid bone seen from superiorly and the left (a) and from anteriorly (b) 



The thyroid cartilage is made up of two quadrilat- 
eral laminae, their anterior borders fused inferiorly 
and with a convexity superiorly and anteriorly. It also 
has a notch in the midline and superiorly. Posteriorly 
the cartilage has four horns (cornu). Two of these 
have a superior direction (superior cornu of the thy- 
roid cartilage) and two an inferior direction (inferior 
cornu of the thyroid cartilage) (Fig. 1.3). 

The superior cornu is via the thyrohyoid ligament 
connected with the greater cornu of the hyoid bone. 
The inferior cornu articulates directly against the 
cricoid cartilage. The hyoid bone and the thyroid 
cartilage are connected, not only with the medial and 
lateral thyrohyoid ligaments but also by the thyrohy- 
oid membrane (Fig. 1.4). There is a lateral opening 
in the thyrohyoid membrane through which the 
laryngeal artery, vein and nerve pass. There is also 
a small cartilage in the posterior and lateral part of 
the thyrohyoid ligament. This is called the triticeal 
cartilage. 



superior cornu of the thyroid cartilage 




Fig. 1.3a-c. The thyroid cartilage seen from anteriorly (a), 
from anteriorly and left (b) and from the left (c) 




Fig. 1.4. Hyoid bone and thyroid cartilage seen from anteriorly 
and the left. Light hatching , the thyrohyoid membrane. Dark 
hatching , the thyrohyoid ligament lateral and medial. There is 
a hole in the membrane for the passage of vessels and nerves 



The cricoid cartilage has the shape of a signet 
ring and is made up of a thin anterior part called the 
arcus of the cricoid cartilage and a posterior thicker 
portion called the lamina of the cricoid cartilage 
(Fig. 1.5). On its lateral margin the cricoid cartilage 
has an articulate facet for the inferior cornu of the 
thyroid cartilages. The lamina continues superiorly 
and dorsally in an eminence that ends with an 
articulate facet. Against this surface the arytenoid 
cartilages articulate. Two inferior horns of the thy- 
roid cartilage articulate as described above against 
the cricoid cartilage. The thyroid and cricoid carti- 
lages are also connected via the cricothyroid liga- 
ment (Fig. 1.6). Inferiorly to the cricoid cartilage is 
the trachea. 

The core of the epiglottis is made up of cartilage. 
This thin foliate lamella has the form of a racket 
with a plate and a shaft. The shaft (petiolus), has a 
ligament (thyroepiglottic ligament) that connects 
it to the posterior surface of the thyroid cartilage 
(Fink and Demarest 1978) (Fig. 1.7a). 
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Fig. 1.5a,b. The cricoid cartilage seen from the left (a), and 
from anteriorly (b). There are two articulate surfaces for the 
arytenoid cartilages ( plain arrows). There are also articulate 
surfaces for the cricoid cornu of the thyroid cartilage ( crossed 
arrows ) 




Fig. 1.6. The thyroid cartilage and cricoid cartilage with the 
cricothyroid ligament ( shaded ) 



The anterior surface of the epiglottis has a fan- 
shaped ligament connecting it to the hyoid bone 
(Fig. 1.7b). This ligament is an extension of the 
median glossoepiglottic ligament. 

The arytenoid cartilages are shaped like small 
pyramids and are located at the posterior and supe- 
rior corners of the cricoid cartilage. On top of this 
pyramid is another small cartilage, namely the cor- 
niculate cartilage (Fig. 1.8). 

Thereby there is a wall of cartilages, ligaments 
and membranes extending from the hyoid bone and 
inferiorly. It reaches all the way to the anterior surface 
of the trachea. In the following the relation of mus- 
culature and mucous membrane to these stabilising 
structures will be described. 



1.2.2 

Muscles 

The floor of the mouth is made up of several mus- 
cles, the position of which are given in Figures 1.9 
and 1.10. The caudal extreme of the floor of the 





Fig. 1.7a,b. a The thyroid cartilage and epiglottis (seen from 
anteriorly) are connected with the thyroepiglottic ligament, 
b The hyoid bone ( H ) (seen from the left) is connected to the 
epiglottis with the hyoepiglottic ligament (hi) 



t t 




Fig. 1.8. Cricoid cartilage (seen from anteriorly). The ary- 
tenoid cartilages (plain arrows) and corniculate cartilages 
(crossed arrows) are located on top 



mouth is made up of the geniohyoid muscle and 
mylohyoid muscle. The latter inserts on the mylo- 
hyoid line on the mandible. It extends to the hyoid 
bone where it inserts (Fig. 1.9). It is made up of 
a broad muscular diaphragm that covers most of 
the floor of the mouth. Covering this muscle is 
the geniohyoid muscle extending from the mental 
spines in the midline of the mandible to the body of 
the hyoid bone. The stylohyoid muscles extend from 
the styloid process to the lesser cornu on both sides 
(Fig. 1.10). Inferiorly are the thyrohyoid muscle, the 
hyoid bone and the thyroid cartilage (Fig. 1.9). Infe- 
rior to the hyoid bone is the sternohyoid muscles 
and omohyoid muscles. 
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Fig. 1.9. The mandible (M), hyoid bone ( H ) and thyroid car- 
tilage (T) seen from anteriorly. The mylohyoid ( plain arrow) 
and thyrohyoid ( crossed arrow) muscles are indicated 



1. 2.2.1 

Muscles of the Tongue 

The genioglossus muscle is the largest muscle of 
the tongue and it extends from the mental spines 
on the mandible. This fan-shaped muscle widens as 
it extends backwards into the tongue. The superior 
fibres run to the tip of the tongue, and the middle 
fibres to the dorsum of the tongue and a few of 
the inferior fibres extend to the hyoid bone where 
the muscle inserts on the body of the hyoid bone 
(Fig. 1.11a). The hyoglossus muscle extends from the 
body and greater cornu of the hyoid bone and extends 
from there superiorly into the lateral portions of the 
tongue (Fig. 1.11b). The styloglossus muscle extends 
from the styloid processes of the skull base and the 
stylomandibular ligaments. It then extends into the 
lateral part of the tongue all the way to the tip of the 
tongue (Fig. 1.11c). 

These three muscles join within the tongue and 
the muscle bundles fuse (Fig. 1.1 Id). 

There are also a couple of external tongue muscles 
that connect the tongue with the skull base, the man- 
dible and the hyoid bone. Other tongue muscles are 
separated from the above and located solely within 
the tongue. They can be divided into four: (1) the 
longitudinal, superficial muscle, (2) the longitudinal 
deep muscle, (3) the transverse lingual muscles and 
(4) the vertical lingual muscles. A small portion of 
the transverse lingual muscles runs up into the soft 
palate where it is called the glossopalatinus muscle 




Fig. 1.10. The mandible and hyoid bone seen from below 
and anteriorly. The geniohyoid (plain arrow) and stylohyoid 
(crossed arrow) muscles are indicated 






Fig. l.lla-d. The tongue musculature, hyoid bone (H), and 
styloid process (SP). a Genioglossus muscle, b hyoglossus 
muscle, c styloglossus muscle, d composite drawing of the 
three muscles shown in a-c 



(Fig. 1.12). Another small portion of this muscle is 
called the glossopharyngeal muscle and extends 
into the pharyngeal wall musculature (Fig. 1.12). In 
this way the musculature of the tongue inserts on 
the skull base, mandible, hyoid bone, soft palate and 
lateral pharyngeal wall. 

1.2.2.2 

Muscles of the Soft Palate 

The soft palate has an important function during 
swallowing. It is made up of a fibrous aponeurosis 
on which a couple of swallowing muscles insert. The 
levator veli palatinum muscle extends from the infe- 
rior and lateral surface of the temporal bone close to 
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Fig. 1.12a,b. Internal tongue musculature. The tongue 
seen from anteriorly in (a) and from the left in (b). TL> 
m. transversus linguae; VX, m. verticalis linguae; LS , m. 
longitudinalis superficialis; LP , m. longitudinalis profun- 
dus; GP y m. glossopharyngeus; SG , m. styloglossus 



the foramen of the internal carotid artery as well as 
from the inferior aspect of the tubal cartilage (of the 
tuba auditiva). The muscle then extends inferiorly, 
medially and anteriorly and inserts on the midpor- 
tion of the aponeurosis of the soft palate (Fig. 1.13). 
The tensor veli palatini muscle extends from the 
skull base and from the pterygoid processes of the 
sphenoid bone and extends first inferiorly and then 
turns at a right angle medially over the hamulus of 
the processus pterygoideus to spread horizontally in 
the aponeurosis of the soft palate (Fig. 1.14). 

The palatopharyngeal muscle is the most promi- 
nent muscle in the soft palate and constitutes the arch 
form. It extends from the inferior body of the tubal 
cartilage, pterygoid processes and aponeurosis of the 
soft palate. This is the posterior extreme of the soft 
palate. The muscle then extends further inferiorly 
and posteriorly and forms part of the posterior wall 
of the pharynx. It also reaches the posterior surface 
of the thyroid cartilage (Fig. 1.15). 

1.2.2.3 

Muscles of the Pharynx 

All muscles in the oral cavity, larynx and pharynx are 
striated. Of the two arches that surround the tonsils 
the medial is made up of the previously described 
palatopharyngeal muscle and the lateral of the glos- 
sopalatinal muscle (Fig. 1.16). 

The walls of the pharynx are made up of a fibrous 
fascia connected to the mucosa on the inside and to 
the musculature on the outside of the wall. Superiorly 
towards the skull base there is no proper muscular 
layer. The only layers here are the mucosa and fascia 
called the fibrous layer of the pharynx. This has a 
width of about 2 cm. Further inferiorly is the con- 
strictor musculatures (Fig. 1.17). The main part of the 
wall of the pharynx is made up of constrictor muscles 
and elevators. The elevators are located on the inside 
which is unique in the gastrointestinal tract. The 



CC CC 




Fig. 1.13. Muscles of the levator veli palatini (shaded). The pic- 
ture shows the skull base with choanae (dark) as well as the 
canalis caroticus (CC). The uvula (UV), as well as the faucial 
arcs (FA), are indicated 




Fig. 1.14. Tensor veli palatini muscle (shaded). The picture 
shows the skull base with choanae (dark) as well as canalis 
caroticus (CC). Pterygoideus process (P) and hamulus of the 
processus pterygoideus (H) is indicated, as well as the uvula 
(UV) and the faucial arcs (FA) 

muscles surrounding the oropharyngeal junction 
area are schematically drawn in Figure 1.18. 

The pharyngeal constrictors are made up of 
three portions. The superior pharyngeal constrictor 
extends from above with four portions, namely: from 
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Fig. 1.15. The palatopharyngeal muscle seen from posteriorly. 
SB, skull base; TC, tubal cartilage; CO, choanae; SP , soft palate; 
UV , uvula; TC , thyroid cartilage 



Fig. 1.16. The pharyngeal arches seen from anteriorly. The 
location of the palatopharyngeal and glossopharyngeal 
muscles are indicated 



the pterygoideus process of the sphenoid bone, from 
the pterygomandibular raphe, from the mylohyoid 
line on the mandible and also from the transverse 
musculature of the tongue. These muscle bundles 
join and extend posteriorly. They make up the wall of 
the pharynx and meet in the midline dorsally in the 
pharyngeal raphe (Figs. 1.17, 1.18). 

The middle pharyngeal constrictor extends from 
the hyoid processes and from the stylohyoid ligament. 
This ligament runs from the styloid process in the 
skull base to the minor processes of the hyoid bone. It 
then extends as a plate posteriorly and superiorly join- 
ing the muscles from the other side in the posterior 
midline in the pharyngeal raphe (Figs. 1.18, 1.19). 




Sphincter 

palatopharyngeus 



■M. styloglossus 
M. stylopharyngeus 

■Lig. stylohyoideus 
M. glossopharyngeus 



Fibrous layer of the pharynx 

fm. 



Thyroid cartilage 
Cricoid cartilage 



Stylohyoid ligament 
and muscle 
Superior pharyngeal 
constrictor 
Middle pharyngeal 
constrictor 



Inferior pharyngeal 
constrictor 



Cricopharyngeal 

muscle 



Fig. 1.17a,b. The pharyngeal musculature seen from behind, a 
Palatopharyngeal muscles and elevator of the pharynx, b Con- 
strictor muscles (Drawing by Sigurdur V. Sigurjonsson) 



The inferior pharyngeal constrictor extends from 
the cricoid cartilage, from the thyroid cartilage and 
also from the lateral thyrohyoid ligament (Figs. 1.17- 
1.20). This muscle extends somewhat superiorly and 
posteriorly surrounding the pharynx and joining the 
muscle from the other side in a pharyngeal raphe in 
the posterior midline. Inferiorly the pharyngeal con- 
strictors form a superiorly convex arch. 
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Fig. 1.18. The pharynx seen from the left (Drawing by Sigurdur 
V. Sigurjonsson) 



Inferior pharyngeal constrictor 



Thyroid 

cartilage 

Cricoid 

cartilage 




Transverse portion of 
cricopharyngeal muscle 

Longitudinal portions of 
cricopharyngeal muscle 



Fig. 1.20. The cricopharyngeal muscle seen from the posterior 
and left [Drawing by Sigurdur V. Sigurjonsson. From Ekberg 
and Nylander (1982)] 




Fig. 1.19. The hyoid bone, thyroid and cricoid cartilage with 
muscles and membranes seen from the left 



There are several muscles that elevate the pharynx. 
The stylopharyngeal muscle extends from the styloid 
process and its surroundings at the skull base and 
extends inferiorly and anteriorly in a gap between 
the superior and middle pharyngeal constrictors. 
It partly joins with the contralateral muscles and 
extends inferiorly to insert on the edges of the epi- 
glottis and also on the posterior margin of the thy- 
roid cartilage (Figs. 1.21, 1.22). 



The palatopharyngeal muscle is the biggest of the 
elevators. It inserts on the posterior border of the 
hard palate and the palatine aponeurosis and on the 
pterygoid process. It extends inferiorly and inserts on 
the back of the thyroid cartilage and also within the 
constrictor musculature (Fig. 1.15). 

1.2.2.4 

The Pharyngoesophageal Segment 

The pharyngeal constrictors make up the muscle 
wall of the pharynx almost from the skull base and 
down into the esophagus. Inferiorly to the constric- 
tors there is one more muscle, namely the cricopha- 
ryngeal muscle (Zaino et al. 1970) (Fig. 1.20). This 
muscle is made up of an oblique portion, a transverse 
portion (which makes up the bulk of the muscle) and 
a longitudinal portion of muscle bundles inferiorly. 
The oblique part extends obliquely, superiorly and 
posteriorly from the lateral of the cricoid cartilage. 
It is close to the inferior constrictor. Like the latter 
muscle it is usually considered that the oblique 
muscles connect in the pharyngeal raphe. This por- 
tion of the cricopharyngeal muscle is anatomically 
and functionally the inferior (small) portion of the 
pharyngeal constrictors. The transverse or semicir- 
cular portion extends posteriorly from the posterior 
and lateral part of the cricoid cartilage. Where the 
two muscles merge in the posterior midline there 
is no fibrous raphe. The two longitudinal muscles, 
also called esophageal elevators, extend from the 
inferior portion of the cricoid cartilage and extend 
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Fibrous layer 
of the pharynx 

Superior pharyngeal 
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Stylopharyngeal muscle 



Middle pharyngeal 
constrictor 




Inferior pharyngeal constrictor 



Laimer’s triangle 
Cricopharyngeal muscle 



Esophagus 
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Fig. 1.21. The pharyngeal musculature seen from posteriorly and 
with a right side of the pharynx cut open so that it can be seen from 
inside. The three constrictor muscles are overlapping. The stylopha- 
ryngeal muscle runs from the styloid process inferiorly to insert on 
the epiglottis, thyroid cartilage and pharyngeal wall through a gap 
between the superior and middle constrictors (Drawing by Sigurdur 
V. Sigurjonsson) 




Fig. 1.22a-c. The stylopharyngeal muscle and epiglottic musculature seen from posteriorly (a), from posteriorly and right (b) 
and from the right side (c) [Drawing by Sigurdur V. Sigurjonsson. Ekberg and Sigurjonsson (1982)] 
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on each side of the esophagus where they join the 
longitudinal musculature of the esophagus which in 
turns comes from the median part of the lamina of 
the cricoid cartilage. Normally the inferior constric- 
tor muscle overlaps the cricopharyngeal muscle, 
which in turn overlaps the circular muscle of the 
esophagus (Ekberg and Lindstrom 1987). How- 
ever, between the oblique and transverse part of the 
cricopharyngeal muscles there is a small triangular 
gap which is a weak point called Killian’s opening or 
Laimer’s triangle. It is through this weak area that 
the Zenker diverticulum extends. Laterally, there is a 
similar weak point inferior to the transverse portion 
and above the insertion of the longitudinal portion 
of the cricoid muscles. Through this gap the Killian- 
Jamieson’s diverticula extend (Jamieson 1934). 

l. 2.3 

The Larynx 

During swallowing, the larynx acts like a valve that 
closes off the airways from the foodway. The closure 
of the larynx is achieved by the following mecha- 
nisms: The tilting down of the epiglottis is to be 
achieved in a clear-cut two-step fashion. The first 
movement is from the upright resting position of the 
epiglottis to a transversal position. This movement 
can be explained as consequential to the elevation of 
the hyoid bone and the approximation between the 
thyroid cartilage and the hyoid bone. This movement 
of the epiglottis is thereby the result of contraction of 
the muscles that elevates the hyoid bone, namely: m. 
stylohyoideus, m. digastricus, m. mylohyoideus and 

m. geniohyoideus. In addition, the thyrohyoid muscle 
approximates the hyoid bone and the thyroid carti- 
lage. The epiglottis is laterally fixed by the pharyngo- 
epiglottic plicae and, during laryngeal elevation and 
thyroid approximation to the hyoid bone, is tilted to 
the transversal position with these plicae as turning 
points. The second movement of the epiglottis has 
been attributed either to the passing bolus which 
should push the movable lip of the epiglottis further 
down into the esophageal inlet or to the peristaltic 
contraction in the pharyngeal constrictor muscula- 
ture. It is more probable that the second movement of 
the epiglottis is accomplished by one of the muscles 
that inserts on the epiglottis. These muscles are the 
stylopharyngeal, thyroepiglottic and aryepiglottic. 
None of these muscles has such a direction that it 
is able to tilt down the epiglottis from its upright 
resting position. However, when the epiglottis has 
attained a transversal position the conditions may 



have changed. Still, the stylopharyngeal muscle 
cannot possibly bring about the second movement, 
but it is more likely that a contraction in this muscle 
results in a tilting back of the epiglottis to the upright 
position. It is possible that the aryepiglottic muscle 
may be able to pull the epiglottis downwards against 
the “ary” region, but never as far down as into the 
esophageal inlet. When these two muscles have been 
excluded, the thyroepiglottic muscle remains as an 
able candidate to accomplish the tilting down of the 
epiglottis. With the epiglottis in the transversal posi- 
tion this muscle has a favourable direction in relation 
to the epiglottis. A contraction of the thyroepiglottic 
muscle is therefore very likely to pull the epiglot- 
tis down over the ary region. Furthermore, it will 
change the form of the epiglottis from a downward 
convex to an upward convex one. A contraction of the 
aryepiglottic muscle will in this new position of the 
epiglottis with its tip in the esophageal inlet tighten 
the laryngeal inlet in the same manner as the string 
in a tobacco pouch. It is possible to distinguish two 
different steps in the closure of the vestibule, both 
of which are clearly separated from the closure of 
the rima glottidis. In the first step the supraglottic 
space of the vestibule is closed by the apposition 
of the lateral walls. This closure of the supraglottic 
space is caused by contraction and thickening of the 
superior portion of the thyroarytenoid muscle. The 
compressed supraglottic space has an orientation in 
the sagittal plane. 

In the second step the closure of the vestibule is 
effected by a compression of the subepiglottic space 
from below. This is caused by the posterior aspect of 
the epiglottis with its superimposed fat cushion that 
gradually is pressed against the prominence of the 
ary region. The compressed subepiglottic space has 
an orientation nearly in the horizontal plane with 
its anterior part more caudally than the posterior. 
The tilting down of the epiglottis is probably due 
to a contraction of the thyroepiglottic muscles. A 
backward bulging of the superior-anterior wall of 
the vestibule is achieved by a folding of the median 
soft tissue linking the thyroid cartilage to the hyoid 
bone. This tissue comprises the epiglottic cartilage, 
the pre-epiglottic fat cushion and its bounding liga- 
ments, namely, the thyroepiglottic, the median thy- 
rohyoid and the hyoepiglottic ligaments. In analogy 
with other folds in this region the above structures 
have been designated “the median thyrohyoid fold” 
(Fink 1976). 

The described sequence of events in the closure 
of the vestibule by a compression from below - the 
supraglottic followed by the subepiglottic space - is 
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important as it implies a peristaltic-like mechanism 
that can clear the vestibule from bolus material. After 
a swallowing act the vestibule is free from foreign 
particles when it opens again. 

The thyroepiglottic muscle and the aryepiglottic 
muscles pull the epiglottis downwards over the laryn- 
geal inlet (Fig. 1.22). The aryepiglottic muscle runs 
within the aryepiglottic folds from the ary cartilage in 
a superior and anterior direction and inserts on the 
lateral border of the epiglottis (Fig. 1.22). Within the 
larynx there are several muscles, namely the dorsal 
cricoarytenoid muscles, the lateral cricoarytenoid 
muscles and the arytenoid muscle (Figs. 1.23, 1.24). 
The dorsal cricoarytenoid muscle runs from the 
posterior surface of the cricoid cartilage superiorly 
and laterally to insert on the lateral and inferior 
corner of the arytenoid cartilage. The lateral arytenoid 
muscle runs from the lateral on the cricoid cartilage 
superiorly and posteriorly to insert in the same area as 
the prior described muscle. The arytenoid muscle runs 
between the two arytenoid cartilages and has a pars 
recta and also a pars obliqua (Fig. 1.24). The thyroary- 
tenoid muscle runs from the inside of the lamina of 
the thyroid cartilage and runs dorsally and laterally to 
insert on the arytenoid cartilage (Fig. 1.25a). It creates 
a muscle plate that laterally covers the larynx and the 
inlet to the larynx. The inferior portion is more bulky 
and it is made up of a lateral part and a vocal part. This 
latter is often called musculus vocalis within the vocal 
folds. The somewhat weaker and superior portion of 
the thyroarytenoid muscle is sometimes called the 
musculus ventricularis because it forms the plica ven- 
tricularis. The thyroarytenoid muscle closes the rima 
glottidis and at the same time compresses the inferior 
portion of the laryngeal vestibule which we call the 
supraglottic space. 

The cricothyroid muscle is a strong muscle that runs 
between the cricoid and thyroid cartilages. The pars 
recta of this muscle runs superiorly and posteriorly 




Fig. 1.24. The cranial portion of the cricoid cartilage, the ary- 
tenoid cartilage and muscles seen from posteriorly 



from the cricoid cartilage and inserts on the thyroid 
cartilage. The pars obliqua of the muscle runs from the 
cricoid cartilage superiorly and posteriorly to insert on 
the inferior cornu of the thyroid cartilage (Fig. 1.25b). 

1 . 2.4 

The Mucosal Surface 

Above has been described a framework of bones, car- 
tilages, ligaments, and muscles, constituting the oral 
cavity, larynx and pharynx. Inside this framework is 
the mucous membrane (Fig. 1.26, 1.27). 

The posterior part of the tongue reaches all the 
way to the vallecula. This corresponds to the level of 
the hyoid bone. Here is a pocket on each side of the 
midline, the vallecula. Posteriorly and laterally the 
valleculae are bordered by a mucosal fold above the 
stylopharyngeal muscle. This fold is called the pha- 
ryngoepiglottic fold. The two valleculae are separated 
in the midline by a mucosal fold, the median glosso- 
epiglottic fold (Figs. 1.26, 1.27). The tongue base and 
valleculae contain a rich network of lymphatic tissue. 
The vallecula may also contain vessels in the submu- 



Fig. 1.23a,b. The cricoid cartilage, aryte- 
noid cartilage and muscles seen from the 
left (a) and from posteriorly (b) 
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Fig. 1.25. The larynx cut open in the midline and seen from the left side. The larynx seen from anteriorly and left 
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Fig. 1.26. Schematic drawing of the pharynx seen from the left 
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Fig. 1.27. The pharynx cut open in the posterior midline and seen from behind 
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cosa that causes a web-like appearance (Ekberg et 
al 1986). Further inferiorly (Fig. 1.27) there is a fold 
reaching from the lateral border of the epiglottis to 
the ary region. The folds surround the inlet of the 
laryngeal vestibule. This is the aryepiglottic fold 
which harbours the aryepiglottic muscle. There are 
two small protuberances caudally/inferiorly due to 
the cuneiform tuberculum superiorly and cornicu- 
late tubercle inferiorly. Between the two corniculate 
tubercles there is a cleft called the interarytenoid 
incisure. The aryepiglottic fold is made up of the 
aryepiglottic muscle posteriorly and anteriorly of 
the thyroepiglottic muscle. The lamina of the cricoid 
cartilage causes an impression of the pharyngeal 
lumen. On both sides of these impressions there are 
two recesses called the piriform sinuses. 



1.3 

Anatomy of the Esophagus 

The esophagus can be divided into different parts 
according to the surrounding anatomical structures 
(Fig. 1.28). The superior part, the pharyngoesophageal 
segment (PES, functional term), also called the upper 
esophageal segment (UES, anatomical term), corre- 
sponds to the cricopharyngeal muscle and surround- 
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Fig. 1.28. Schematic drawing of the esophagus illustrating the 
different parts of the esophagus 



ing pharynx and cervical esophagus. This is also called 
introitus esophagi or Killian’s mouth. From here to the 
impression of the aorta is the paratracheal esophagus 
(Fig. 1.28). This is located close to the membranous part 
of the trachea. The aorta makes a short impression from 
the left into the aortic lumen. Inferiorly to this and above 
the left main bronchus is the aortobronchial portion 
which is a short, relatively wide segment. The left main 
bronchus makes a short impression in the esophagus 
from the left. The cardial portion is that segment of the 
esophagus which is located close to the left atrium of 
the heart. A schematic drawing of the gastro-esophageal 
region is seen in Fig. 1.29. 

The esophagus is made up of three layers, the mucosa, 
the submucosa and the muscularis (Fig. 1.30). The 
mucosa is made of squamous cell epithelium. Under the 
epithelium there is a submucosal layer of musculature 
as everywhere else in the alimentary canal. The mucosa 
also contains glands and vessels. The mucosa has a ten- 
dency to create longitudinal mucosal folds. 

The esophagus has two layers of muscles, an inner 
circular and an outer longitudinal muscle layer. The 
longitudinal muscles insert on the posterior aspect 
of the lamina of the cricoid cartilage. The upper third 
of the esophagus is made up of striated musculature 
while the lower two thirds are smooth muscles. The 
transitional zone, however, has a varying position. 
The circular muscle layer is thinner cranially and 
increases in thickness distally. Between the two 
muscle layers there is a multitude of neurons in a 
plexus formation (Auerbach’s plexus). In this there 
are both sympathetic and parasympathetic nerves. 
There is a close proximity between the vagus nerve 
and the esophagus, especially inferiorly. 




Anatomy and Physiology 



13 



Squamous epithelium 




Fig. 1.30. Cross section of the esophagus 

1.4 

Neuroanatomy and Physiology 
of Swallowing 

There are several reviews on the neuroanatomy and 
neurophysiology of swallowing, the most contempo- 
rary by Miller (1999). Several of the cranial nerves 
are involved in the control of swallowing (Perlman 
and Christensen 1997). Oral sensation is transmitted 
in the trigeminal nerve. Efferent information in the tri- 
geminal nerve goes to the mylohyoid muscle, anterior 
belly of the digastric, and the four muscles of mastica- 
tion: the masseter, temporalis and pterygoid muscles. 

Taste sensation is mediated in the facial nerve. 
Efferent control from the facial nerve goes to the 
salivary glands and to muscles of facial expression, 
the stylohyoid and platysma, as well as the posterior 
belly of the digastric. 

The glossopharyngeal nerve conveys taste infor- 
mation from the posterior tongue. It also conveys 
sensation from the pharynx. It innervates only the 
stylopharyngeal muscle efferently. 

The vagus is the most important nerve for swal- 
lowing. It innervates the pharyngeal and laryngeal 
mucosa. The recurrent laryngeal nerve conveys sensa- 
tion from below the vocal folds and also the esopha- 
gus. Efferent control in the vagus nerve comes from the 
nucleus ambiguus (striated muscle) and the nucleus 
dorsalis nervi vagi (smooth muscles and glands). 

The hypoglossal nerve provides efferent control of 
all the intrinsic and some of the extrinsic muscles of 
the tongue. 

The locations of the central swallowing pathways 
include several cortical and subcortical regions. One 
such area is located immediately in front of the pre- 



central sulcus cortex. Stimulation in this area evokes 
mastication followed by swallowing. It is likely that the 
cortical and subcortical areas merely modify swallow- 
ing as pharyngeal and esophageal swallowing can be 
evoked also in the absence of these areas. This indicates 
that the brainstem is the primary swallowing area. 

Afferent information from the oral cavity and 
pharynx is mediated via the vagus nerve and others to 
the nucleus tractus solitarius (NTS) in the brainstem. 
Close to the NTS is an afferent swallowing centre that 
interprets the information. If it is found appropriate for 
swallowing, information goes to a swallowing centre 
close to the nucleus ambiguus. From that swallowing 
centre control of the pharynx is managed. Information 
also goes to a dorsal swallowing centre close to the 
nucleus dorsalis nervi vagi. The oral stage of swallow- 
ing is completely voluntary while the pharyngeal stage 
of swallowing is automatic. This automatism means 
that there is a none-or-all situation. Once the pharyn- 
geal swallow is elicited it is always completed. It is not 
modified during the pharyngeal swallowing process 
and it cannot be interrupted. Swallowing has prior- 
ity over other activities controlled from the nucleus 
ambiguus such as breathing, speech and positioning. 
The esophageal stage of swallowing is autonomic 
which means that it may occur also without control 
from the brainstem. It is also self-regulatory, i.e. a 
second swallow interrupts the first, and a secondary 
peristaltic wave can be elicited. This is achieved by the 
enteric nervous system. 

The oral stage of swallowing includes ingestion 
which is a complex act. It also involves blending, 
mixing and mincing of ingested material. When the 
ingested material is found to be appropriate for swal- 
lowing (by analysing information from the nucleus 
tractus solitarii), the tongue usually scoops up a suit- 
able amount of ingested material, which is from now 
on called a bolus, on to the top of the tongue. From 
there it is propelled by a sweeping movement of the 
tongue into the pharynx. The pharyngeal stage of 
swallowing includes sealing off of the nasopharynx 
with the soft palate opposing the posterior pharyn- 
geal wall and also the closing of the airways by eleva- 
tion and closure of the larynx and tilting down of the 
epiglottis. Opening of the PES is also mandatory. 

The pharyngeal constrictors achieve the final 
rinsing of the pharynx. An important item is the 
elevation of the pharynx and larynx. When the bolus 
reaches the upper part of the esophagus peristaltic 
activity occurs. This means that esophageal tonicity 
is abolished and the bolus is propelled downwards by 
a combination of gravity and contraction in the cir- 
cular musculature. When this occurs in connection 
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to pharyngeal swallowing this is called primary peri- 
stalsis. If it occurs by local distension, for instance by 
retained material or regurgitated/reflux material, it 
is called secondary peristalsis. If contraction is non- 
propulsive it is called simultaneous contraction. In 
the elderly patient this has also been called tertiary 
contraction. 
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2 . 1 . 

Introduction 

Symptoms of pharyngeal/esophageal diseases are 
related to swallowing function, such as dysphagia, 
odynophagia, globus sensation or heartburn. Patients 
often do not differentiate between these symptoms 
and report “swallowing problems”. The crossing of 
airway and digestive tract in the hypopharynx is 
a critical region for swallowing and respiration: if 
protection of the airway during swallowing is not 
secured, aspiration occurs. Moreover, the pharynx 
is not only part of the upper digestive tract, but also 
of the vocal tract and therefore influences resonance 
and articulation. 

Swallowing belongs to the most frequent activi- 
ties in the human body: the human being swallows 
between 580-2000 times a day (Logemann 1998; 
Garliner 1974). However, swallowing is not only 
a vital primary function to ensure adequate nutri- 
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tion and hydration, but also decisively contributes 
to quality of life and social integration. Dysphagia 
may lead to malnutrition and, in the case of aspi- 
ration, to potentially life-threatening pulmonary 
complications, such as aspiration pneumonia. 
Furthermore, life-quality of dysphagic patients is 
impaired (Ekberg et al. 2002). Dysphagia represents 
a frequent and severe medical problem: in acute care 
hospitals, 13%— 14% of patients are believed to suffer 
from dysphagia, in nursing homes the percentage of 
dysphagic patients reaches up to 50% (Logemann 
1995). Moreover, among patients aged over 65 years, 
aspiration pneumonia is the fourth most frequent 
cause of death (Sasaki 1991). Every year, about 50,000 
US Americans die from pulmonary complications of 
aspiration (Jones and Donner 1991). Therefore, in 
modern, function-orientated medicine, the manage- 
ment of the dysphagic patient has become of great 
clinical importance and a focus of scientific interest. 

Dysphagia and other swallowing complaints 
necessitate a thorough diagnostic procedure. Only 
the knowledge of the underlying cause and of the 
individual swallowing pathophysiology enables 
appropriate treatment of the patient. 



2 . 2 . 

Terminology of Dysphagia 

The symptom dysphagia is defined as disturbance of 
the intake or transport of food from the mouth to the 
stomach. Furthermore, it includes behavioural, sen- 
sory and motor disorders in preparation for the swal- 
low, e.g. disorders of cognitive awareness, visual and 
olfactory recognition of food and of the physiologic 
responses to smell and presence of food (Leopold 
and Kagel 1996). In the case of oropharyngeal dys- 
phagia , the oral preparatory, oral and/or pharyngeal 
phases of swallowing are afflicted. If the esophageal 
phase is disturbed, esophageal dysphagia is present. 
Both types of dysphagia may influence each other, 
therefore dysphagia makes the comprehensive evalu- 
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ation of the aerodigestive tract from the oral cavity 
to the stomach necessary. 

2 . 2 . 1 . 

Components of the Impaired Swallow 

To address the pathophysiological aspects, dyspha- 
gia has to be regarded as a syndrome. The most 
important dysphagia-related symptom is aspiration , 
which is defined as the entry of saliva, food or gastric 
secretion into the airway under the level of the vocal 
folds. Other components of dysphagia are drooling, 
leaking, nasal penetration, laryngeal penetration, 
retention or pharyngeal regurgitation. The swallow- 
ing pathophysiology is analysed in relation to the 
phases of swallowing. 

Drooling describes complaints of oral spill, i.e. 
the falling of food, liquid or saliva from the mouth 
anteriorly when lip closure is incomplete. Leaking 
is defined as premature loss of the bolus over the 
tongue base into the pharynx before the swallowing 
reflex is triggered. Consequently, the risk of aspira- 
tion occurs. A delayed triggering of the swallowing 
reflex occurs in neurological diseases (e.g. stroke) or 
after extensive surgical resection of the trigger points 
for the pharyngeal swallow. 

Retention (pooling) of saliva or food maybe local- 
ized in the oral cavity, valleculae or hypopharynx. 
Retentions in the anterior or lateral sulcus are due to 
reduced muscle tone in the labial or buccal muscula- 
ture. Disturbed lingual function may result in reten- 
tions on the floor of the mouth and the valleculae. 
Weakness, paresis or scarring of pharyngeal muscles 
give rise to pharyngeal retentions. 

Nasal penetration (regurgitation) describes the 
entry of food into the nose and may be caused by 
incomplete velopharyngeal closure or pharyngeal/ 
esophageal stop of the bolus passage with subsequent 
overflow into the nasal cavity. In case of laryngeal 
penetration , food or saliva reaches the larynx to the 
level of the vocal folds. 

Pharyngeal regurgitation is characterized by 
(parts of) the already swallowed bolus flowing back 
into the pharynx due to a Zenker’s diverticulum or a 
disturbed esophageal bolus transport. 

2 . 2 . 2 . 

Dysphagia and Other Swallowing Complaints 

Dysphagia has to be distinguished from other swal- 
lowing complaints, such as globus sensation or ody- 



nophagia. Odynophagia describes the painful swal- 
low, as occurs in inflammatory or tumorous diseases 
of the upper aerodigestive tract (e.g. acute tonsillitis, 
peritonsillar abscess, epiglottitis, hypopharyngeal 
carcinoma, etc.). 

Globus sensation ( globus pharyngis ) is a feeling 
of a lump or fullness in the throat and discomfort 
when swallowing saliva. In contrast to dysphagia, 
swallowing of food is not disturbed. The symptom 
mainly occurs during swallowing of saliva and 
decreases or vanishes while swallowing food. In 
many patients, an underlying cause can be found, 
e.g. gastroesophageal reflux disease, esophageal 
motility disorders, hypertensive upper esophageal 
sphincter (cricopharyngeal achalasia), thyroid gland 
disease, cervical spine syndrome or hyperfunctional 
voice disorder. Therefore, the obsolete term “globus 
hystericus” should not be used any more. Only if 
an exact morphological and functional analysis of 
larynx, pharynx, esophagus and neck does not show 
any medical entity, a psychogenic aetiology can be 
suspected. Above all, globus sensation and dyspha- 
gia may occur in combination. 



2 . 3 . 

Aspiration 

The antero- or retrograde entry of saliva, food or 
gastric secretion into the airway under the level of 
the vocal folds is defined as aspiration (Fig. 2.1). 
To reveal or exclude aspiration is the main goal of 
the diagnostic procedure in dysphagic patients. The 




Fig. 2.1. Aspiration (videoendoscopic view): blue coloured 
aspirated food in the trachea [from Bigenzahn and Denk 
(1999)] 
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presence/absence of aspiration determines further 
patient management. In the case of absent or reduced 
cough reflex, aspiration does not induce cough, but 
remains “silent” ( silent aspiration) and is not imme- 
diately noticed. About 40% of aspirating patients are 
so-called silent aspirators. 

Aspiration can be classified in relation to the 
triggering of the swallow reflex. It may occur before 
(predeglutitive), during (intradeglutitive), after the 
swallow (postdeglutitive) or in combined forms 
(Logemann 1983 ). Aspiration before the swallow may 
be present when the triggering of the swallow reflex 
is absent or disturbed, e.g. after stroke. Incomplete 
laryngeal closure and/or reduced laryngeal elevation 
may give rise to aspiration during the swallow , as is 
the case, for example, in vocal fold paralysis or in 
laryngeal defects after partial laryngectomy. Reduced 
pharyngeal peristalsis, reduced laryngeal elevation 
and disturbed opening of the pharyngo-esophageal 
sphincter possibly results in aspiration after the swal- 
low (Fig. 2.2), e.g. in fibrosis with “frozen” (immobile) 
larynx after radiation therapy or cricopharyngeal 
achalasia after stroke. 

The severity of aspiration is not only influenced 
by the amount and type of the aspirated material, but 
also by the presence of cough reflex and the possibil- 
ity of voluntary coughing and throat clearing. Several 
severity scales are used for the grading of aspiration 
(Table 2.1). The clinical aspiration scale (Miller 
and Eliachar 1994) considers possible pulmonary 
consequences. In the videoendoscopic aspiration 
scale (Schroter-Morasch 1996) attention is paid 
to the cough reflex and voluntary coughing. The vid- 
eofluoroscopic aspiration scale (Hannig et al. 1995) 




Fig.2.2. Aspiration after the swallow (videoendoscopic view): 
overflow aspiration due to retentions in the hypopharynx 
[from Bigenzahn and Denk (1999)] 



Table 2.1. Aspiration scales 

Clinical Scale (Miller and Eliachar 1994) 

I: Incidental aspiration without complications 

II: Intermittent aspiration of liquids; saliva and solid 

boluses can be swallowed 

III: No oral feeding possible, intermittent pneumonias 
IV: Life-threatening aspiration; chronic pneumonia/hypoxia 

Videoendoscopic Scale (Schroter-Morasch 1996) 

I: Incidental aspiration, intact cough reflex 

II: Incidental aspiration, no cough reflex, voluntary cough- 

ing possible or 

Permanent aspiration, intact cough reflex 
III: Permanent aspiration, no cough reflex, voluntary cough- 
ing possible 

IV: Permanent aspiration, no cough reflex, no voluntary 
coughing 

Video fluoroscopic Scale (Hannig et al. 1995) 

I: Aspiration of material that has penetrated into the 

laryngeal vestibule or ventricle, intact cough reflex 
II: Constant aspiration of less than 10% of the bolus, intact 

cough reflex 

III: Constant aspiration of less than 10 % of the bolus, re- 
duced cough reflex or 

Constant aspiration of more than 10% of the bolus, 
intact cough reflex 

IV: Constant aspiration of more than 10% of the bolus, re- 
duced cough reflex 



is based on the amount of aspirated material and the 
presence/absence of the cough reflex. 

The individual tolerance of aspiration varies 
widely. Some patients tolerate aspiration of more 
than 10% of the bolus, whereas other patients 
develop aspiration pneumonia even after aspiration 
of their saliva. Therefore, not only aspiration, but 
other additional risk factors play an important role. 
Langmore et al. (1998) found the following predic- 
tors for the development of aspiration pneumonia: 
dependent for feeding, dependent for oral care, 
number of decayed teeth, tube feeding, more than 
one medical diagnosis, number of medications and 
smoking. 



2 . 4 . 

Aetiology of Dysphagia 

The aetiologies of dysphagia may be divided into the 
following groups: 

Diseases of the upper aerodigestive tract ( periph- 
eral “mechanical” dysphagia) 

Neurological diseases ( neurogenic dysphagia) 

• Psychogenic dysphagia 
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Only if after thorough diagnostics peripheral or 
neurogenic dysphagia is excluded, psychogenic fac- 
tors have to be considered. In some cases, the distinc- 
tion from eating disorders is difficult. 

2 . 4 . 1 . 

Mechanical Dysphagia 

Diseases of the upper swallowing and respiratory tract 
or surrounding structures may give rise to dysphagia 



and aspiration (Table 2.2). The symptom dysphagia 
necessitates the exclusion of a malignant tumour in 
the aerodigestive tract. Moreover, not only a tumorous 
disease of the oral cavity, pharynx or larynx itself, but 
also the sequelae of therapy - surgical resection, radia- 
tion, chemotherapy - can interfere with bolus trans- 
fer or airway protection with consecutive dysphagia 
and aspiration that requires a functional swallowing 
therapy to regain swallowing function. The different 
tumour resections in the head and neck are known to 
create patterns of swallowing disorders, but the same 



Table 2.2. Examples of dysphagia aetiologies [modified from Denk and Bigenzahn (1999)] 



Type of dysphagia 


Aetiology 


Mechanical peripheral dysphagia 


Oropharyngeal 


Inflammatory diseases 

Malignant tumours in the upper aerodigestive tract 

Sequelae after tumour therapy (surgery, radiation, chemotherapy) 

Diseases/surgery of the cervical spine 

Long-term-intubation 

Cheilognathopalatoschisis 

Tracheo-esophageal fistula 

Diverticula (Zenker’s diverticulum) 

Goitre 




Systemic diseases (scleroderma, amyloidosis) 
Graft- versus-host-disease 


Esophageal 


Obstructive esophageal diseases (peptic, tumorous stenosis) 

Motility disorders (gastro-esophageal reflux disease, Non-propulsive contractions) 


Neurogenic dysphagia 




Central nervous system 


Stroke 

Degenerative processes: amyotrophic lateral sclerosis, Parkinson’s disease, Multiple sclerosis 
Cerebral palsy 

Dementia, Alzheimer’s disease 
Post-polio syndrome 
Encephalitis 
AIDS 

Posterior fossa tumours 

Head trauma, cervical spine cord injury 

Intoxications 




Drug effects (sedatives, neuroleptics) 
Arnold Chiari malformation 


Peripheral nervous system 


Skull base tumours (chordoma, meningioma) 
Meningitis 

Guillain-Barre syndrome 
Neuropathy (alcoholic, diabetic) 


Neuromuscular junction 


Myasthenia gravis 
Botulism 




Lambert-Eaton syndrome 


Muscles 


Dermatomyositis, polymyositis 
Myopathy (endocrine/metabolic) 
Myotonia, muscular dystrophy 


Psychogenic dysphagia 


Phagophobia 
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resections need not necessarily result in the same 
form and degree of dysphagia and aspiration. The 
extent and localization of the resections carried out 
are regarded as determining factors for the severity of 
dysphagia. Beside these local factors, also general fac- 
tors, e.g. patients’ general condition or therapy onset 
postoperatively, influence the outcome of swallowing 
rehabilitation (Denk and Kaider 1997). 

Not only tumours in the pharynx or esophagus, 
but also thyroid gland disease or cervical osteophyte 
compression due to diffuse idiopathic skeletal hyper- 
ostosis (DISH) (Marks et al. 1998) may be respon- 
sible for obstructive dysphagic symptoms which are 
typically worse for solid than liquid bolus. Patients 
suffering from DISH (Fig. 2.3) become especially 
symptomatic when an additional disease afflict- 
ing swallowing function (e.g. stroke) impairs the 
patient’s functional compensatory capability. 

2 . 4 . 2 . 

Neurogenic Dysphagia 

Nearly all neurological diseases have the potential 
to disturb the four levels of sensomotoric control 
of the swallow (central, peripheral nervous system, 
neuromuscular junction, muscles) and may cause 
dysphagia and aspiration (Table 2.2). For the man- 
agement of the patients (functional therapy, type of 
nutrition) it is of utmost importance to distinguish 
between neurologic lesions with recovery potential 




(e.g. stroke, head trauma, cervical spine cord injury, 
etc.) and progressive diseases. 

Stroke represents the most frequent cause of 
dysphagia (25%, Groher and Bukatman 1986). 
The percentage of dysphagic stroke patients differs 
with the time from the onset of stroke: in the first 
2 weeks after stroke 41%, in the chronic phase 16% 
of the patients suffer from dysphagia (Kuhlemeier 
1994). After all, within the first year after stroke, 20% 
of patients die from aspiration pneumonia (Brown 
and Glassenberg 1973). 

Beside the swallowing disturbance, neurologic 
patients possibly show additional symptoms that 
have to be considered. Disturbances in the motor 
system bring about impaired posture and head con- 
trol, and cognitive deficits lead to a lacking awareness 
of disease. Severely impaired speech and language 
(e.g. dysarthria, aphasia) impair communication 
with the patient. 



2 . 5 . 

Clinical Symptoms of the Dysphagic 
Patient 

Aspiration is well known as the most threatening 
symptom of dysphagia. Due to disturbed laryngeal 
sensibility and absent cough reflex, aspiration often 
occurs silently. Therefore the fact that the patient does 
not cough/choke while eating cannot be regarded 




Fig.2.3a,b Diffuse idiopathic skeletal hyperostosis (DISH), a Endoscopic view, b Radiologic view [from Bigenzahn and 
Denk (1999)] 
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as a reliable “clue” symptom to exclude aspiration. 
Indirect and direct symptoms of dysphagia! aspiration 
(Table 2.3) are possible hints to suspect dysphagia 
and aspiration. Direct symptoms occur during swal- 
lowing of food and liquids, whereas indirect symp- 
toms are not directly associated with the swallow as 
such, but are due to dysphagia. 

Among the indirect symptoms , weight loss is 
regarded as a reliable hint to judge the effects of swal- 
lowing impairment, because weight is usually directly 
related to the nutritional state. Frequent occurrence 
of fever, coughing, bronchitis or pneumonia may be 
clinical consequences of aspiration. Changes of voice 
(dysphonia), speech (dysarthria) and language (apha- 
sia) should not be neglected, as they may be related to 
neurologic diseases. Moreover, anatomical and func- 
tional deficits in the upper aerodigestive tract possibly 
also lead to dysphonia, altered resonance (e.g. hyper- 
rhinophonia = too much nasal resonance) or impaired 
articulation (e.g. dysglossia = disturbed articulation 
due to changes in the peripheral organs of speech). 
Globus sensation, heartburn and/or non-cardiac chest 
pain often are present in gastroesophageal reflux dis- 
ease or esophageal motility disorders. Alterations of 
taste or mucosal dryness impair swallowing function 
and the pleasure from oral intake. 

Prolonged duration of swallowing, pain (ody- 
nophagia) or fear of swallowing belong to the direct 
symptoms of dysphagia and aspiration. Furthermore, 
changes in posture during oral food intake and 
changes in eating habits (e.g. avoidance of some food 
consistency) deserve clinical awareness. Other direct 

Table 2.3. Symptoms of dysphagia/aspiration [from Schroter- 
Morasch (1993)] 

Indirect symptoms 
Weight loss 

Frequent occurrence of fever 
Coughing 

Bronchitis/pneumonia 

Changes of voice, articulation/speech and language 

Globus sensation 

Heartburn 

Non-cardiac chest pain 
Direct symptoms 

Prolonged duration of swallowing 
Pain 

Fear of swallowing 

Changes of posture 

Avoidance of particular consistencies 

Drooling 

Obstruction 

Choking, coughing 

Spitting of food 

Regurgitation 



symptoms the patient may report are drooling, nasal 
regurgitation, choking or coughing during or imme- 
diately after the swallow due to aspiration, spitting of 
food or regurgitation. The feeling of obstruction may 
occur not only in patients with tumours, strictures, 
Zenker’s diverticulum, webs or cervical osteophytes 
(DISH), but also in neurologic diseases because of 
pharyngeal muscle weakness, lack of coordination of 
the swallow or esophageal motility disorder. 



2 . 6 . 

Diagnostic Procedure 

For adequate management of the patient suffering 
from swallowing complaints a thorough morpholog- 
ical and functional diagnostic procedure is needed 
to evaluate the swallow from the oral cavity to the 
stomach and to reveal the aetiology and individual 
swallow profile. The diagnostic procedure is sum- 
marized in Table 2.4. To address the complexity of 
swallowing disorders, an interdisciplinary approach 
is necessary. Very often, the dysphagic patient first 
presents to the otorhinolaryngologist/phoniatrician 
who - after thorough history taking - performs a 
videoendoscopy of the upper aerodigestive tract 
and videoendoscopic swallowing study (fiberop- 
tic endoscopic evaluation of swallowing (FEES), 
(Langmore et al. 1988; Bastian 1991), and refers 
the patient to a videofluoroscopic swallowing study. 
Depending on the patient’s needs and findings, fur- 



Table 2.4. Diagnostic procedure [from Denk and Bigenzahn 
(1999)] 

History 

Basic Diagnostics (compulsory) 

ENT/phoniatric examination 

with clinical observation and videoendoscopic 

swallowing study 

(= flexible endoscopic evaluation of swallowing, FEES) 
Videofluoroscopic swallowing study 
If indicated, esophagoscopy 
In the case of aspiration, chest X-ray 

Further diagnostics (optional) 

• Esophagoscopy, gastroscopy 

Ultrasound of the oral phases of swallowing 
Cranial MRI 
Scintigraphy 
Manometry, pH-metry 

Electrophysiological methods (electromyography) 
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ther examinations have to be performed and further 
medical disciplines need to get involved, such as 
gastroenterology, pulmonology, neurology, surgery, 
maxillo-facial surgery, etc. 

The diagnostic procedure aims at revealing the 
components of dysphagia, especially proving or 
excluding aspiration. Moreover, a classification and 
quantification of aspiration has to be performed as 
well as a prognostic estimate. Further diagnostic goals 
are recommendations of therapy and type of feeding, 
as well as indications for emergency therapies (such as 
tracheostomy) in the case of intractable aspiration. 

2 . 6 . 1 . 

Patient History 

Patient history provides valuable information that 
helps to optimize the diagnostic work-up. The patient 
is asked to characterize his complaints and to describe 
their beginning, time-characteristics (intermittent or 
constant occurrence) and influencing factors. However, 
it is important to know about the influence of bolus 
consistency on swallowing. In neurologic patients with 
impaired swallowing reflex and uncoordinated swal- 
low, liquids are more difficult to be swallowed than 
semisolids or solids, because they cannot be controlled 
well. Patients with obstructive diseases (tumours, 
strictures, web) often report sticking of solid food, 
whereas patients suffering from esophageal motility 
disorders complain about swallowing problems with 
both liquids and solid food. To estimate the patient’s 
oral intake, a description of his meals and weight 
during the last week may be valuable. 

Furthermore, information regarding previous 
diseases and therapies (surgery, radiation), as well as 
medication, needs to be obtained. The side effects of 
many drugs can impair swallowing: psychopharma- 
cological drugs possibly interfere with the swallow 
reflex or induce xerostomia, antipsychotic drugs can 
cause extrapyramidal symptoms, spasmolytics may 
weaken muscles. It has to be pointed out that changes 
of voice, speech and language should be carefully 
noted. Above all, the examiner should also take into 
consideration the patient’s general condition, his 
posture and cognitive and emotional state. 

2 . 6 . 2 . 

Basic Diagnostic Procedure 

The ENT examination plays an important “key” role 
in the diagnostic work-up because it allows a direct 



morphological and functional analysis of the upper 
aerodigestive tract. Since clinical observation and 
palpation of the swallow alone do not meet the diag- 
nostic demands, a videoendoscopic swallowing study, 
(FEES, fiberoptic endoscopic evaluation of swallowing, 
see also Sect. 6.2.4) has to be performed. It is a non- 
invasive dynamic procedure that delivers an immedi- 
ate evaluation of oropharyngeal swallowing function 
and directly visualizes the upper aerodigestive tract. 
However, it has the following limitations: no direct 
visualization of the bolus on its entire way from the 
oral cavity to the stomach, no visualization during the 
swallow, no visualization of the oral and esophageal 
phases and pharyngo-esophageal segment. Therefore, 
a videofluoroscopic swallowing study (Ekberg 1992; 
Logemann 1993, 1998) has to be carried out routinely 
as a complementary dynamic diagnostic procedure. 

2 . 6 . 3 . 

Further Examinations 

If necessary, further diagnostic methods are used 
(Table 2.4). Depending on the results of videoen- 
doscopic and videofluoroscopic swallowing studies, 
esophago-gastroscopy can eventually be performed 
as a first-line diagnostic method to exclude tumor- 
ous lesions or reveal disturbances in the esophageal 
phase (see also Sect. 6.3). Scintigraphy enables the 
quantification of bolus transit and aspiration. For 
an evaluation of neurogenic dysphagia, cranial 
magnetic resonance imaging (MRI) may detect 
intracranial lesions responsible for dysphagia. pH- 
metry represents the gold standard for diagnostics 
of a suspected gastroesophageal (-pharyngeal) reflux 
disease. To measure the pressure in the pharynx 
- especially before surgery of the pharyngo-esopha- 
geal segment -, manometry is recommended, which 
allows measurement of the intrabolus pressures and 
pharyngeal contraction. Cervical auscultation of the 
pharyngeal swallow did not gain wide acceptance. 



2 . 7 . 

Conclusion 

Swallowing symptoms necessitate an interdisciplinary, 
thorough diagnostic work-up which reveals aetiologic 
factors and pathophysiological components. The 
patient should be asked precise questions relating 
to symptoms and valuable information should be 
obtained, allowing the adequate diagnostic and thera- 
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peutic measures to be taken. Above all, the adequacy of 
oral nutrition and the presence or absence of aspiration 
are in the focus of diagnostic and therapeutic interests. 
Due to an absent cough reflex, aspiration may occur 
silently. Therefore, diagnostic methods must enable 
direct visualization of aspiration by videoendoscopy 
and videofluoroscopy. Aspiration cannot be diagnosed 
or excluded by patient history or clinical observation 
alone. However, for an appropriate management, the 
patient’s symptoms should be carefully evaluated. 
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3.1 

Introduction 

In the dysphagic patient the radiologic examination 
of the oral cavity, pharynx and esophagus should be 
regarded as an extension of the physical and neuro- 
logic examinations. The mouth and the pharynx and 
larynx can be reached only partially during more con- 
ventional clinical evaluation. The result of the radio - 
logic examination should thus be put in a broader 
context together with the clinical history and the result 
of the clinical and neurologic examinations. 

3.2 

The Symptom Dysphagia 

Dysphagia, i.e., any abnormal sensation during swal- 
lowing experienced by the patient, may be caused 
either by morphologic abnormalities or dysfunction. 
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The clinical history is often spurious and care- 
ful work-up must be considered. The swallowing 
apparatus consists of the oral cavity, pharynx and 
esophagus and symptoms from any of these three 
compartments may be present. Morphologic evalua- 
tion of these three compartments can be done either 
by direct inspection (the oral cavity), indirect inspec- 
tion (the pharynx and larynx), or by endoscopy (the 
esophagus). However, for a proper functional evalu- 
ation radiology is necessary. For the evaluation of 
transportation through the oral cavity, pharynx and 
esophagus, the barium swallow is without doubt the 
most reliable test. It is used extensively and its accu- 
racy has been well shown. 

Any clinician interested in patients with dysphagia 
needs to make sure that his consultant radiologist has 
the means and interest to perform a proper examina- 
tion. A carelessly performed examination interpreted 
as normal may give the clinician a false impression that 
the examination has been completed and misinterpre- 
tation of the barium swallow may lead to unnecessary 
further work-up and delay correct diagnosis. 

3 . 2.1 

Does the Patient Really Have Dysphagia? 

When properly performed the radiologic examina- 
tion should start with a careful penetration of the 
clinical history. The examination should then be 
custom-tailored to each patient's specific complaints. 
The patient who complains of difficulties with certain 
foods should be examined with such food. The patient 
who complains particularly of choking during eating 
must be carefully examined for misdirected swallow- 
ing. The patient who complains of heartburn should 
be examined with respect to gastro-esophageal reflux 
disease. Patients who complain of pain or obstruction 
during solid bolus swallow need to be examined with 
some kind of standardized solid bolus. Therefore, a 
clinical history is of crucial importance for the radi- 
ologist and he needs in his report to state for what 
symptoms/purposes his study was designed. However, 



O. Ekberg (ed.), Radiology of the Pharynx and the Esophagus 
© Springer-Verlag Berlin Heidelberg 2004 



24 



O. Ekberg 



it is also important to always examine all three com- 
partments of the swallowing apparatus, namely: the 
oral cavity, the pharynx and the esophagus. What the 
clinical history does is to help the radiologist focus 
on one particular segment and sometimes on a spe- 
cific food consistency. If the patient has undergone a 
careful endoscopic examination, before being sent for 
the radiologic examination, this should not focus on 
morphology but merely on function. However, most 
patients with dysphagia do not undergo endoscopy 
of the esophagus. Therefore, in the majority of the 
patients with dysphagia, it is important that the radi- 
ologist perform both a functional evaluation and a 
detailed double contrast morphologic examination 
of the esophagus. 

The majority of patients with swallowing symp- 
toms has an abnormality that can be revealed 
during the radiologic examination whether mor- 
phologic or functional. However, many patients are 
sent for radiologic examinations of the swallowing 
apparatus without any real swallowing problems. 
These patients suffer from globus and their spon- 
taneous clinical history always includes complaints 
or inability to swallow. They feel a sensation of 
obstruction when swallowing and a constant feeling 
of a “lump” in the throat. This is the dominant and 
overwhelming symptom which bothers the patient 
considerably and this impresses many physicians. 
However, when a structured clinical history is 
taken the patient admits that “he can eat and drink 
normally”. This is the hallmark of globus. These 
patients localize their symptoms to the neck but 
the symptomatology should alert the radiologist 
to focus his examination on the lower esophagus 
in an attempt to reveal signs of gastro-esophageal 
reflux disease. In fact, these patients, in addition to 
the inability to swallow “normally” also have heart- 
burn and regurgitation. However, these symptoms 
are not the leading symptoms and are less alarming 
than the globus symptom. Therefore, globus should 
be taken seriously and these patients should be 
examined properly. 

3.2.2 

Findings Compared to Symptoms 

The careful clinical history also serves another pur- 
pose, namely to make an assessment of the clinical 
relevance of any radiologic finding. A comparison 
of the patients symptoms and the radiologic find- 
ing should always be included in the radiologist’s 
report. The radiologic examination may reveal a 



host of abnormalities, most of which are irrelevant 
in that particular clinical setting. In our experience 
the radiologist, experienced in dysphagia evalua- 
tion, is best suited to make this comparison between 
symptoms and findings. The radiologist knows how 
the examination was performed and may also add 
to the clinical history after the examination is done. 
It may be true that many patients with dysphagia do 
not undergo a proper functional evaluation of the 
swallowing apparatus. However, the result of many 
barium studies is at the same time misinterpreted 
and not put into a proper clinical context. 

3.2.3 

Dysphagia During the Radiologic Examination 

As well as the clinical history concerning symptoms 
and signs is important, it is as important to register 
symptoms during the radiologic examination. If mis- 
directed swallowing occurs, the radiologist needs to 
observe if cough or other signs of the patient’s subjec- 
tive experience of that misdirected swallowing event 
occurs. By and large, patients who do not cough 
during even minor events of misdirected swallowing 
have a more advanced disease than those who cough 
and an increased risk of airway disease (Fig 3.1, 3.2). 
If a tablet is given to evaluate solid bolus dysphagia 
and if the patient does experience symptoms similar 
to the ones he experienced during normal eating and 
drinking the tablet test can be considered diagnostic 
(van Westen and Ekberg 1993). However, even if 
the tablet gets stuck in the esophagus (excluding 
patients with strictures) for many minutes and the 
patient does not experience this, the tablet test has 
not revealed the cause of that particular patient’s 
dysphagia. However, one needs to remember that 
patients usually do not comment spontaneously 
about symptoms during the test. This is often 
due to the fact that symptoms provoked during 
the radiologic examination are much milder than 
during normal eating and drinking. This circum- 
stance should alert the radiologist to carefully but 
casually ask the patient about swallowing symptoms 
during this test. 

3.3.1 

The Radiologic Examination 
(Barium or Iodine Swallowing) 

In the team of professionals taking care of the neu- 
rologically impaired patients with swallowing dif- 
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Fig. 3.1a,b. A 46-year-old woman with 
solid bolus dysphagia. The initial 
barium examination was assessed as 
normal. A 13 -mm in diameter antacid 
tablet used for stressing the esophagus 
got stuck in the proximal esophagus. 

A short asymmetric narrowing 
(assessed to be congenital in origin) 
was revealed by the tablet. Balloon 
dilatation made the patient become 
asymptomatic 





Fig. 3.2a-c. An elderly patient with solid bolus dysphagia. a,b Single contrast examina- 
tions of the pharynx and PES. There is an incoordination in the opening of the PES 
segment and also small web-like narrowings. There is no misdirected swallowing, c As 
the patient indicated solid bolus dysphagia she was given an antacid tablet together 
with thin liquid barium. The tablet passed the pharynx and pharyngoesophageal seg- 
ment and got stuck in the upper esophagus. The patient immediately indicated that this 
created the same dysphagia symptom as she has had before. She indicated the level of 
the symptoms with her left hand. There is a ring on her index finger. The location of 
the tablet is indicated with arrows. Further evaluation revealed decreased peristaltic 
contrast pressure in this area but there was no morphologic abnormality 
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Acuities the radiologist plays an important role. He 
must choose the correct imaging technique which 
will most expediently and accurately answer the 
clinical questions. This is not always barium swal- 
low. For instance in patients with the combination/ 
constellation of neck pain and dysphagia MRI can 
reveal soft tissue disease, such as retropharyngitis 
(Ekberg and Sjoberg 1995). The radiologist in the 
swallowing team must be aware of the limitations of 
radiology for assessment of the course and treatment 
of the disease process. 

Radiology therefore offers a unique possibility 
to screen patients with swallowing symptoms. The 
barium swallow allows evaluation of both morphol- 
ogy and function, which is unique to this technique. 



3.3.1. 1 

How to Perform the Barium Swallow Examination 

The radiologic examination should be performed as 
a biphasic examination, i.e., both function (single 
contrast) and morphology (double contrast) should 
be evaluated (Fig. 3.3). All patients with dysphagia 
can be accurately examined radiologically! Even in 
the severely ill stroke patient the relevant clinical 
questions can be answered. In the very impaired 
patient it is often enough to demonstrate whether 
or not the patient can elicit the pharyngeal stage of 
swallowing and maybe also the degree of aspiration 
if such occurs. Such an examination is usually easy 
to perform. Cumbersome and time consuming are 










Fig. 3.3a-i. Biphasic examination of the pharynx and esophagus, a, b Frontal 
and lateral projections of the pharynx. These images are digitally stored 
from the fluoroscopic images, c Double contrast examination of the pharynx 
in slight left anterior oblique LAO projection, d Frontal projection of the 
pharynx, double contrast, e Right anterior oblique projection of the pharynx 
examined with double contrast technique, f Lateral double contrast examina- 
tion of the pharynx, g-i Double contrast examinations of the esophagus in 
different projections 
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examinations in ambulatory, alert, otherwise healthy 
young patients who complain of vague or uncharac- 
teristic symptoms during swallowing. 

Crucial components of the radiologic equipment 
for evaluation of patients with dysphagia is a video 
recorder. Such a video recorder can be of any low-cost 
consumer model. For $500 the radiologic examination 
will be converted from a meaningless spot film evalua- 
tion of static images to a full-blown dynamic imaging 
modality. More costly equipment will increase the 
band width and thereby the resolution of the images. 
However, such an investment will only add marginally 
to the diagnostic capability. Much more important is 
to install the video recorder so as to record only during 
fluoroscopy. It should automatically be controlled by 
the fluoroscopic pedal. The video recorder must also 
have the possibility to review the tape on a frame-by- 
frame mode and also to review the tape forward and 
backward. This should be controlled by a jog-wheel. 

The image should be centred at the important area 
whether oral cavity, pharynx or esophagus. Moreover, 
always use proper cone down, and most importantly, 
use collimation. If wedge frames are available: always 
use them. Always use a high voltage (1 10 kV), as this 
will shorten the exposure time, thereby minimising 
movement artefacts. 



Do not move the fluoroscopic intensifier during 
exposure. Also keep it steady during fluoroscopy. 
Moving around the image-intensifier may save contrast 
medium but deteriorates image sharpness, thereby 
losing important morphologic information (Fig. 3.4). 

Modern digital radiologic equipment offers the 
possibility to store the fluoroscopic image in digital 
form (Figs. 3. 5-3. 7). This brings down the radiation 
dose to the patient (and the radiologist!). 

It is important to perform fluoroscopy and obtain 
images in standardised projections. Fluoroscopy is 
used for assessment of function but also for posi- 
tioning. Especially in the pharynx the importance of 
meticulous positioning and projection is important 
(Fig. 3.8-3.10). 

All patients should be examined in an erect sit- 
ting or standing position if possible. We prefer to 
use high density barium (240 w/v) for the double 
contrast evaluation of the oral cavity, pharynx and 
esophagus. The high density of the barium also 
makes it relatively easy to register penetration of 
barium into the laryngeal vestibule (Fig. 3.11). 
However, such high density barium, probably due 
to its high viscosity, is less likely to reach into the 
vestibule in patients with defective closure. There- 
fore, sometimes penetration is revealed only using 




Fig. 3.4. The distal part of the esophagus filled with barium 
and air. The image intensifier was moved during the exposure 
and this created unsharpness 




Fig. 3.5. Digitally stored image of the esophagus. This gives an 
image with inferior spatial resolution compared to an exposed 
image, but the radiation dose is much lower 
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Fig. 3.6a, b. The difference in image quality between conventional (digital) exposure technique and the digital storage of a frozen 
fluoroscopic image is illustrated in this patient, a Exposure technique; b digitally stored fluoroscopic image. The spatial resolu- 
tion is higher with an exposure technique. This is particularly important when assessing morphologic abnormalities. However, 
the detection of minor amounts of misdirected swallowing into the laryngeal vestibule can also be difficult using fluoroscopic 
technique with digital storage only. However, the reduction in radiation dose is substantial 




Fig. 3.7a,b. Comparison between different techniques. The exposure in (a), and storage image of the frozen fluoroscopic 
image in (b) 
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Fig. 3.8a-c. The importance of correct projections/positioning. This patient was assessed to have contrast medium reaching into 
the laryngeal vestibule (arrow) in (a). Contrast medium in one of the piriform sinuses in this slightly oblique projection mimics 
contrast medium in the laryngeal vestibule. However, this image was obtained in a slightly oblique projection. This was revealed 
during a more precise positioning of the patient in (b). c The same mistake can easily be made during double contrast examina- 
tion when contrast medium in one of the piriform sinuses may mimic contrast medium in the laryngeal vestibule (arrow) 




Fig. 3.9. Frontal projection of the cervical esophagus during 
barium swallow. There is a fusiform indentation from the right 
into the esophagus. This is the characteristic appearance of 
the effect of the kyphosis of a cervical spine. The esophagus is 
stretched over the kyphosis and deviates to the left. This gives 
a false impression of a “pseudotumour” 



a low density barium (40% w/v). However, with the 
proper exposure technique even minute amounts of 
such contrast medium should be possible to reveal. 



3.3.1. 2 

How to Perform the Iodine Swallow Examination 

Only in patients who are strictly NPO (non-peroral 
feeding) it is indicated to replace barium with iodine 
contrast medium. The basic advantage with barium 
contrast medium is that it is radiopaque. It is also not 
harmful for the mucosa in the airways. It is readily 
transported cranially in the airways by the cilia. How- 
ever, in patients with emphysema and other chronic 
obstructive lung diseases the transportation might be 
delayed and even absent from the most distal parts, i.e. 
the alveoli and emphysematous bullae. In such patients 
it might also be indicated to use iodine contrast 
medium. Iodine contrast medium generally used to be 
a hyperosmotic fluid with a very strong taste and smell. 
Nowadays the iodine is usually presented as non-ionic, 
isoosmolar or slightly higher compared to plasma. Usu- 
ally it has a sweet taste and no smell. The radiodensity 
of such a contrast medium (e.g. 350 mg I/ml) is appro- 
priate for evaluation of morphology and function. In a 
patient where iodine contrast medium has been chosen 
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Fig. 3.10a-d. a A single contrast examination of the pharynx. The folded appearance of the epiglottis which creates a hole in 
the contrast medium. This image also shows the medialisation of the lateral pharyngeal wall as an indicator of normal func- 
tion of the constrictors, b This is much more difficult to assess in lateral projection, c The characteristic, irregular in-bulging 
of the arytenoid region and the down-folded epiglottis is seen creating an irregular impression in the anterior wall of the 
midpharynx (arrow), d For proper evaluation of the pharyngoesophageal segment it is often necessary to obtain images in the 
oblique projection 






Fig. 3.11a-e. It is important to be able to identify misdirected swallowing 
also in a frontal projection. During the full column examination, also called 
single contrast technique, the laryngeal vestibule is obscured in the frontal 
projection, a The oblique epiglottis (arrow) can be seen. This is per se not 
a functional abnormality, b Retention of barium in the pharynx showing 
that there is also contrast medium outlining the characteristic shape of the 
half-opened laryngeal vestibule (arrows). The shape resembles a tapered 
glass, c Contrast medium on the inside of the laryngeal vestibule up to the 
aryepiglottic folds (arrows). There is also contrast medium between the 
opposed arytenoids (lower arrow). The same is seen in LAO (d), and RAO 
(e) projections. Barium seen in the laryngeal vestibule, as in this patient, 
indicates misdirected swallowing. This is always abnormal but may or may 
not be symptomatic 
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as the contrast medium, the clinical situation is usually 
a severely disabled patient with a very limited number 
of relevant clinical questions. One such question can be 
whether or not the patient can elicit a pharyngeal swal- 
low. Therefore, the projections and number of swallows 
is much more individualised. It is usually sufficient to 
observe one or only a few swallows and usually in 
lateral projection. Although double contrast films may 
also be obtained with iodine contrast media, this is 
usually not indicated. However, even in a very limited 
examination it is important to ascertain that there is 
no obstruction for the bolus. Therefore it is important 
to at least fluoroscopically examine the pharynx, PES 
and esophagus in search for tumours or strictures. In a 
supine position, which is usually the only position that 
the patient can take, ample evaluation of esophageal 
motor function is also possible. 

Another situation where iodine contrast medium is 
regularly used is in patients where there is a question 
of a leak and also in a postoperative situation where 
patency of anastomosis is evaluated (see Sect. 4.4). 

3 . 3.2 

The Oral Cavity and Pharynx 

As in most clinical circumstances the question of mis- 
directed swallowing is the most crucial one and this 
should be carefully looked into. The patient should be 
in a lateral projection, preferably in an erect position, 
although the patient may also be recumbent. The field 
of imaging should include the oral cavity, soft palate, 
pharynx and the pharyngo-esophageal segment. In 
that position, the patient should be instructed to 
take a mouthful of liquid barium into the mouth. 
The size of the ingestion should be according to his 
own discretion. The radiologist should take time to 
explain this part of the examination. The volume 
ingested should then be evaluated and compared 
to the patient’s swallowing capability. The ingested 
material should be observed in the oral cavity for at 
least 5-10 s. Any anterior or posterior leak should be 
observed during that period. It should also be possi- 
ble to assess the volume of ingestion as many patients 
with oral apraxia or defective sensitivity are ingesting 
too big a bolus to be handled safely during swallow- 
ing. The fluoroscopy should be kept on during the 
ingestion and until the bolus tail has passed into 
the cervical esophagus. Collimation and exposure 
techniques should be meticulously controlled and 
if possible wedged collimation should be used. This 
decreases flaring due to the air between the chin 
and the neck. A minimum of three swallows should 



be registered in this latter projection. However, if 
misdirected swallowing is a major concern and such 
has not been revealed during these three swallows 
it is important to observe additional swallows. We 
may observe at least 15 swallows in such patients 
(and even more if necessary). During such swallows 
provocation may be added. Patients may be able to 
compensate for defective closure of the laryngeal ves- 
tibule and/or misdirected swallowing. By altering the 
position of the head and neck such a compensation 
may be decompensated and thereby the cause of the 
patient’s complaints explained (Ekberg 1986). The 
easiest way to decompensate is to ask the patient to 
swallow with his/her neck extended. Patients with 
normal function should be able to close their laryn- 
geal vestibule and misdirected swallowing should not 
occur during swallowing even if the neck is extended. 
Patients who have partial malfunction may decom- 
pensate during this manoeuvres. 

We have found that it is much easier to assess the 
video recording if a soundtrack of the same is also 
recorded during the examination. Therefore we have 
installed a microphone conveniently mounted on the 
X-ray shield. During the video recording all pertinent 
information such as bolus viscosity, bolus volume, 
patient positioning and perhaps most importantly 
any symptoms reported by the patient during the 
examination is recorded and can easily be assessed 
during the review if a loudspeaker is included in the 
reading room equipment. 

3 . 3.3 

The Esophagus 

For a detailed description of how to examine esoph- 
ageal function, please see Sect. 5.1 Below is a short 
introduction. It is of the utmost importance to always 
include all these compartments (the oral cavity, phar- 
ynx and esophagus) in the radiologic examination. 
However, in each patient focus is usually on only one 
or two compartments. 

We prefer to perform the double contrast exami- 
nation of the esophagus after the functional evalu- 
ation of the pharynx. The esophageal examination 
starts with effervescent tablets and the patient is 
asked to rapidly drink the high density barium 
(240% w/v). Double contrast radiograms are taken in 
left and right oblique projections. Patients with pain- 
ful swallow should be evaluated for esophagitis such 
as Candida. The radiologist should always be careful 
in evaluating for neoplastic lesions such as superficial 
carcinomas. 
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Evaluation of esophageal function often needs 
to be done in a recumbent position. However, if 
esophageal dysfunction is already revealed in an 
erect position it is usually not warranted to place 
the patient recumbent as dysfunction in the erect 
position is not known to become normal in the 
recumbent position. 



3.4 

Solid Bolus Examination 

All patients with a history of obstruction during 
swallowing should be examined with a solid bolus, 
especially if solid bolus dysphagia is present (see 
Figs. 3.1, 3.2). The solid bolus used for the radio- 
logic examination must be standardised. We prefer 
to use a radiolucent antacid tablet with a known 
diameter of 13 mm (van Westen and Ekberg 
1993) This is swallowed together with thin liquid 
barium (40% w/v). Others have advocated the use 
of a barium tablet, a bread sphere, or a marshmal- 
low (Curtis et al. 1987; Kelly 1961; Somers et al. 
1986). Contraindications for tablet swallowing are 
known or suspected pharyngeal dysfunction with 
misdirected swallow. If this is suspected, the patient 
should first undergo evaluation of the pharyngeal 
stage and if misdirected swallowing is present with 
barium reaching below the vocal folds the solid 
tablet should not be given. This is because of the risk 
of choking. However, the best way to triage patients 
for the tablet test is to show them the tablet and the 
thin liquid barium and ask them if they can swal- 
low the tablet. In our experience this easily excludes 
patients who should not undergo the tablet swallow. 
In fact that particular group of patients who do not 
think they can swallow the tablet are the ones who 
should be examined due to suspected stricture or 
other obstructions. 

Tablet arrest may or may not be symptomatic. 
When the tablet gets stuck above a stricture, symp- 
toms are usually absent. This is in contrast to when 
the tablet arrest is due to dysmotility. In the latter 
cases the patient is often symptomatic. However, the 
symptom is often much milder than the symptoms 
that arise during a meal. 

Solid bolus arrest in the esophagus is either due to 
dysmotility or to a narrowing. Dysmotility is either 
due to spasm or hyperperistalsis, two entities that 
are hard to separate fluoroscopically. As assessed by 
manometry most of these patients have hypomotility 
and only rarely spasm. 



3.5 

Aspects of Radiation Physics/Safety 

Radiologic examination relies on the ability of pho- 
tons of a certain energy (the X-rays), to penetrate 
opaque materials such as the human body. Since 
their discovery by Wilhelm Conrad Rontgen in 1895, 
these have made a major contribution to medicine as 
well as other industrial applications. However, such 
radiation means that energy is transported through 
the body. Only l%-20% of the given energy from 
the X-ray tube reaches the detector, i.e. the image 
intensifying screen or the film screen combination. 
The rest of the energy is absorbed in the patient. It 
is this absorbed energy, which is sometimes called 
radiation dose, that causes the main hazardous aspect 
of radiation. Such ionised radiation, when absorbed 
in the body, might interfere with water molecules 
and cause free radicals. The ionising radiation may 
also interfere with proteins and other important sub- 
stances within the cell. This reaction may cause cell 
death or induce serious late side effects. It is therefore 
necessary that all radiation, including the one used 
for swallowing studies, is used with care. 

One important aspect to remember is that it is 
only when the X-ray tube is irradiating, namely when 
the current is closed, that there is radiation from the 
tube and in the room. At the same moment as the cur- 
rent is broken, the radiation primarily from the X-ray 
tube (secondarily from the patient) stops and there 
is no hazard within the room or to the patient, nor 
to the personnel in the room. Radiation always and 
only traverses linearly, i.e. it does not bend around 
corners. 

The X-ray equipment must undergo regularly 
scheduled quality controls according to each coun- 
try’s regulations. It is also important that personnel 
responsible for the equipment ascertain that all func- 
tions are checked for proper function on at least a 
weekly basis. 

The most important consideration is that an X-ray 
examination should never be performed unless it 
is necessary. It should be contemplated beforehand 
what the referring clinician is expecting to find and 
what therapeutic or prognostic consequences that 
may have. Once this is clear the risk for radiation 
damage is always far smaller than the benefit that can 
be achieved from the X-ray examination. This means 
that the X-ray examination needs to be necessary in 
the clinical setting and then that the performance of 
the study must be optimised. The risk for damage is 
far greater in children and young adults. In individu- 
als over 40, the risk is basically negligible. There is 
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a positive correlation between patient dose and 
personnel dose. It is important to cone down on the 
pharynx and/or esophagus and thereby avoid radia- 
tion of extensive volumes. The distance between the 
patient and the image intensifier/screen should be as 
small as possible. 

Try to stay as far away as possible from the patient. 
However, be close enough for assistance or manipula- 
tions. Wear lead aprons! Sometimes an apron over the 
thyroid or lead eyeglasses have been advocated. Most 
importantly, if you do not need to stand close to the 
patient: step away. If you double the distance between 
the patient and yourself, the radiation dose goes down 
to one quarter. Remember that it is not the X-ray tube 
that gives radiation to the personnel in the room, but 
it is the patient who radiates secondary radiation. 
It is also important to carefully perform the study, 
meaning that it is better to do one proper radiologic 
examination than to have to re-do studies or even 
exposures due to bad technique. It is also important 
to realise the fluoroscopy time that contributes to the 
majority of the radiation dose. A 1 -minute fluoros- 
copy is roughly equivalent to one exposure. This is 
however relative and depends on the situation. In a 
study by Chan et al. in Hong Kong they found that if 
a videoradiographic swallowing study had a duration 
of 18±8 min (and this is very long from my own per- 
spective) the scattered radiation dose (measured 30, 
60 and 100 cm from the patients neck) to the exam- 
iner varied tenfold, i.e. 34-3 pSv (Chan et al. 2002). 
This should then theoretically permit an examiner 
to perform 2583 examinations/year given the annual 
effective dose limit of 20 mSv. It should be noted that 
since lead aprons are always worn, the additional 
protection they provide further reduces the scattered 
radiation dose to negligible levels. 

If you have access to digital radiology, you may 
also have access to pulsed fluoroscopy. If possible, 
use as few pulses per second (usually two) as pos- 
sible. However, this might sometimes be unsuitable 
for evaluation of function. It is better to use con- 
tinuous fluoroscopy than to have to re-do the swal- 
lowing studies. Use as short as possible fluoroscopy 
time. Be sure that the patient does not move around 
and if necessary, have the patient to hold his breath 
during exposures. Avoid flaring by using wedge 
frames. Modern equipment also has the possibility 
to save the fluoroscopy image digitally. This may 
in fact lower the dose considerably in comparison 
to conventional exposures. These images may be 
enough for documentation of for instance misdi- 
rected swallowing. However, as stated above, it is 
better to make one proper exposure and one prop- 



erly performed examination than to have to re-do 
the study due to poor image quality. If studies are 
performed by speech-and-language pathologists it 
is very important that they are familiar with radia- 
tion physics. 

The effective dose of a radiologic dysphagia evalu- 
ation as described above is about 1 mSv. This could be 
compared to a chest X-ray (AP and lateral): 0.1 mSv; 
abdominal survey film (three images): 5 mSv; barium 
colon examination: 5 mSv; coronary angiography 
with interventions as well as interventions in other 
parts of the body may easily exceed 100 mSv. 



3.6 

Other Techniques 

Ultrasound can be used for evaluation of the oral 
stage and hyoid bone movement (Hamlet et al. 1988; 
Brown and Sonies 1997). This technique is attrac- 
tive because it does not rely on ionising radiation. It 
can therefore be used unrestricted also in younger 
patients. It also enables visualisation of the tongue 
surface. It could be the method of choice for monitor- 
ing oral function. However, the fact that the bolus is 
not visualised is a major drawback. It also requires 
considerable operator skills. 

During recent years there has been a growing 
interest in fibre-endoscopic evaluation of swallow- 
ing (FEES). During FEES the endoscope is inserted 
through one of the nostrils and the pharynx and larynx 
are observed before and after swallow (Langmore 
et al. 1988). Any posterior leak before swallowing 
over the tongue base can be observed, as well as 
movement of the pharyngeal wall. Also, laryngeal 
structures during breathing are observed. Sensitivity 
may be tested by touching the walls of the pharynx 
with the tip of the fibre endoscope. When the phar- 
ynx is elevated during swallowing and the bolus is 
brought into the pharynx the endoscopist’s view is 
obstructed. However, retention in the pharynx after 
swallowing can be observed and also whether or not 
bolus has reached into the larynx. As a bolus one usu- 
ally uses water intensely coloured in order to better 
visualise the same. 

The ROSS (repetitive oral suction and swallowing) 
test was introduced in the mid-1990s. Using a multi- 
modality and simultaneous technique (ultrasound, 
pressure, scale, temperature) it was possible to meas- 
ure suction pressure, bolus volume, respiration and 
feeding-respiratory co-ordination, and pharyngeal 
transit time (Nilsson et al. 1995). 
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A “swallowing safety index” could also be calcu- 
lated (Nilsson et al. 1997). This technique has so far 
not gained widespread use. 

The most promising “new technique” is MRI. With 
fast gradients and short acquisition times an “almost 
real-time” fluoroscopic technique is possible. This 
allows analysis of bolus transport but also, and more 
importantly, movements in anatomical structures, i.e. 
the tongue and pharyngeal constrictors (Buettner 
et al. 2001). 

3.6.1 

Videomanometry 

Dynamic cine- and videoradiography of pharyngeal 
barium swallow provides morphological as well as 
qualitative functional information of the swallowing 
sequence. However, dynamic barium swallow relies 
mainly on functional qualitative judgement, failing 
to quantify the results. This is for example the case 
when trying to assess pharyngeal paresis in terms of 
degree of barium retention in the pharynx. 

In this context, intraluminal pharyngeal man- 
ometry is capable of providing a more quantitative 
analysis of pharyngeal muscle function in terms of 
intraluminal pressure registration (McConnel 1988, 
McConnel et al. 1988a, 1988b; Olsson and Ekberg 
1995; Olsson et al. 1994, 1995, 1996). Concurrent 
barium swallow and pharyngeal manometry com- 
bine qualitative assessment of bolus transport with 
quantitative registration of the contractions of the 
pharyngeal wall. Our experiences with this simul- 
taneous technique have revealed that there is a sub- 
stantial longitudinal asymmetry in pharyngeal pres- 
sure response in normal individuals. There is also a 
wide variety in the timing of PES opening/relaxation, 
where the pressure registration is extremely depend- 
ent on sensor positioning. Furthermore, the radio- 
logic finding of a CP bar is often only an indicator 
of a more widespread dysfunction around the PE 
segment easily evaluated with the simultaneous 
technique. In many patients with a posterior CP bar 
the major abnormality is weak constrictors with out- 
pouching of the lumen above and below. 

The simultaneous technique provides new diag- 
nostic information in dysphagic patients and we sug- 
gest the addition of pharyngeal solid state manom- 
etry, preferably with simultaneous videoradiography, 
in cases where routine radiologic work-up does not 
reveal any pathology. 
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4.1.1 

Introduction 

Normal pharyngeal swallow is precisely scheduled 
and symmetric. It is finely tuned and coordinated in 
a precise and exact manner to establish a safe swallow 
(Miller 1986; Dodds 1989). The swallowing process 
is regulated by a command centre in the brainstem, 
a central program generator which receives input 
from the cerebral cortex and peripheral muscle and 
directs the sequence of swallowing. This process is 
both voluntary and involuntary and incorporates 
motor activity from the oral cavity, pharynx and 
esophagus. It involves both motor and sensory 
activity. There is an evolving amount of knowl- 
edge concerning normal and abnormal swallowing 
(Jones and Donner 1991; Ekberg and Wahlgren 
1985; Hannig and Hannig 1987; Bruhlmann 
1985; Pokieser et al. 1995; Dodds 1989). 



O. Ekberg, MD 

Professor, Department of Diagnostic Radiology, Malmo Uni- 
versity Hospital, 205 02 Malmo, Sweden 



4.1.2 

The Normal Swallow 
4. 7.2. 7 

The Oral Stage 

The oral, pharyngeal, pharyngoesophageal segment 
(PES) and esophageal stages of swallowing are read- 
ily appreciated radiographically (Fig. 4.1.1). The oral 
stage of swallowing is bolus specific, i.e. the patient 
handles different boluses differently, i.e. a strawberry 
is handled differently from a cup of tea. Therefore, 
the oral stage is notoriously more difficult to evaluate 
radiologically than the rest of the swallowing appa- 
ratus. However, the oral stage should be included in 
the radiologic evaluation. The recording should start 
with the ingestion. During oral processing there is 
superior and inferior and some anterior-poste- 
rior movement of the hyoid bone. However, liquid 
barium should not be processed or modified in the 
oral cavity. Therefore, oral preparation of swallow 
is tested with a solid or semi-solid bolus. When the 
ingested material is ready to be swallowed the same 
is brought on to the back of the tongue, which obtains 
the shape of a groove (Hamlet et al. 1988). This is 
the swallow preparatory position. 

No part of the bolus is allowed to leak anteriorly 
from the mouth through the lips. Even more impor- 
tant radiologically is to observe if posterior leak 
occurs. The patient should be able to control the seal- 
ing of the tongue base to the soft palate and posterior 
pharyngeal wall. 

4. 7.2.2 

The Pharyngeal Stage 

The pharyngeal swallow is initiated voluntarily and 
the material to be swallowed is usually called bolus 
from this point. Initiation of the pharyngeal swallow 
coincides with the beginning of the anterior move- 
ment of the hyoid bone from an elevated position. 
Pharyngeal constriction is probably cued by bolus 
interfering with sensory innervation at the faucial 
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Fig.4.1.1a-h. The oral, pharyngeal and 
pharyngoesophageal segment (PES) are 
readily appreciated radiographically. This 
is a sequence of a barium swallow (a-h) 
in lateral projection. The bolus is gathered 
in the oral cavity (a-c) and propelled into 
the pharynx by an upward and backward 
movement of the back of the tongue (d) 
(arrow). The tilting down to a horizontal 
position of the epiglottis is seen in (d). 
The airways are closed and no part of the 
barium reaches into the laryngeal vestibule 
or trachea. The PES opens. The upward and 
forward movements of the larynx includ- 
ing the hyoid superiorly and the PES inferi- 
orly is extremely important for the normal 
execution of pharyngeal transit. There are 
no, or only minimal, remnants of barium in 
the pharynx after swallowing 
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isthmus. Radiologically it is convenient to use the 
beginning of the anterior hyoid movement as a 
starting point of pharyngeal swallow. The tongue 
then propels the bolus posteriorly into the pharynx 
and further down into the PES and cervical esopha- 
gus. If the pharyngeal constrictor wall has normal 
compliance only minor dilatation of the pharynx 
occurs (Fig. 4.1.2). 

The palatopharyngeal isthmus is closed by eleva- 
tion of the muscular palate and constrictor conver- 
gence which is most medialward of the lateral walls. 
Normally, no regurgitation of barium into the naso- 
pharynx occurs. 

In a patient with severe oral impairment, the pha- 
ryngeal phase may be elicited by injecting a small 
barium bolus directly into the pharynx through a 
soft tube. This may be placed into the pharynx either 
via the mouth or nose. Such techniques, however, 
are used only for examination and not for feeding. 
Patients with uncoordinated, weak or jerky tongue 
movements commonly cannot correctly position the 
bolus on the tongue. Accordingly, the tongue cannot 
displace the bolus posteriorly. There is a strong cor- 
relation between an abnormal anterior movement 
of the hyoid bone and overall abnormal oral and 
pharyngeal function, as well as defective opening of 
the PES. 

Protection of the airways occurs at four separable 
anatomically and functionally different sites, i.e. the 
vocal folds, the supraglottic portion of the laryngeal 



vestibule, the subepiglottic portion of the laryngeal 
vestibule and the epiglottis (Curtis and Hudson 
1983; Curtis and Sepulveda 1983; Ekberg 1982). 
The most crucial of these levels is the supraglottic 
portion of the laryngeal vestibule. Barium in the 
vestibule commonly extends into the trachea, as the 
vocal folds offer poor protection of the lower airway 
(Ekberg and Hilderfors 1985). Radiographic 
observation of barium penetration into the larynx 
and trachea is strategic in dysphagia evaluation. 
Bedside evaluation for aspiration has a low sensitiv- 
ity. This is partly due to the fact that many of these 
patients have sensory impairment in the larynx 
and/or trachea and fail to cough (Splaingard et 
al. 1988). 

Of even more fundamental importance, and basi- 
cally a prerequisite for airway closure and constrictor 
activity, is the elevation of the pharynx and larynx. 
The airways are also protected by a movement of the 
thyroid cartilage towards the hyoid, and by closure 
of the laryngeal vestibule. Additional protection is 
offered by the epiglottis and the vocal folds. Closure 
of the larynx starts at the vocal folds and progresses 
in a superior direction in a peristaltic-like manner. 

The constrictors have a minor role in the convey- 
ance of a bolus through the pharynx. The tongue- 
base pressure does not differ significantly between 
those with and those without retention (Olsson et 
al. 1997). This finding is important because many 
research groups advocate normal tongue-base and 




Fig. 4.1. 2a, b. An 80-year-old man with cerebrovascular disease. There is paresis in the right side of the pharynx. This is not seen 
in lateral projection (b) but only in frontal projection (a). There is pooling of contrast in the right piriform sinus ( broad arrow). 
Small amounts of barium are also seen coating the inside of the laryngeal vestibule down to the false vocal cords 
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constrictor activity as a prerequisite for a successful 
outcome of cricopharyngeal myotomy (Buchholz 
1995). Tongue-base pressure has been appreciated as 
the driving force of the bolus, and the tongue-base 
has been associated with a compensatory function, 
namely overcoming weak pharyngeal constrictors by 
increasing tongue-base activity. This tongue driving 
force propels the bolus while the pharyngeal con- 
strictors stabilise the pharyngeal tube; the tongue 
then closes the lumen behind the bolus to present 
retrograde escape (McConnel et al. 1988; Cerenko 
et al. 1989; McConnel 1988). 

In patients with pharyngeal retention the UES 
does not open as much as in patients without such 
retention. This reduced opening of the UES is not 
associated with an increased intrabolus pressure but 
seen together with decreased laryngeal elevation. 
This is in agreement with a study in which traction 
on the UES was found to be the main force leading to 
the UES opening (Hsieh et al. 1995). The suprahyoid 
muscles are therefore much more important than 
other muscles in the pharynx. Also, tongue-base pres- 
sure, which is reflected by the intrabolus pressure, was 
the same in patients with and in those without reten- 
tion. Thus, pharyngeal shortening could be the most 
important mechanism in pharyngeal bolus transport 
(Ergun et al. 1993a, Ergun et al. 1993b). 

Such intrabolus pressure was shown to be the 
same for the two groups in this study. 

The pharyngeal phase of swallowing is complex 
due to the intricate anatomic relationships and the 
close temporal activation of the more than two dozen 
muscles that are required to function together to 
effectively transport the bolus from the mouth to the 
esophagus. In a classic electromyographic study by 
Doty and Bosma (1956), temporal activation of the 
muscles of deglutition was shown. Activation begins 
in the mylohyoid muscle, and the muscle action is 
then propelled inferiorly. Early events during the 
pharyngeal phase of swallowing include activation 
and sealing of the nasopharynx and contraction of 
the mylohyoid, hyoglossus, and geniohyoid muscles 
(i.e. the suprahyoid pharyngeal shorteners). A 
number of other muscles also contract early, namely, 
those that effect airway protection, such as the intrin- 
sic and extrinsic muscles of the larynx. Contraction 
of the superior pharyngeal constrictor, styloglossus, 
palatoglossus, pterygopharyngeal, palatopharyngeal, 
stylopharyngeal, salpingopharyngeal, stylohyoid, 
and posterior digastric muscles then occurs. In 
terms of bolus transportation, this early stage repre- 
sents the conveyance of the bolus from the oral cavity 
into the pharynx. This activity is often described as 



being achieved by the tongue thrust, although a 
multitude of muscles are involved (McConnel et 
al. 1988; Cerenko et al. 1989; McConnel 1988). The 
pharyngeal constrictors give only stability to the 
gullet - they do not contribute to bolus transporta- 
tion in other ways (Dodds 1989). In contrast, the late 
part of the pharyngeal stage consists of contraction 
of the thyrohyoid, sternohyoid, sternothyroid, and 
omohyoid muscles, (i.e. the strap muscles) and also 
the middle and inferior pharyngeal constrictors. This 
latter activity is thought to clear the bolus from the 
pharynx. The late pharyngeal constrictor activity 
for clearance of the pharynx is seen as a contract- 
ing wave traversing inferiorly from the superior 
pharyngeal constrictor level. This wave is usually 
best appreciated on the anteroposterior view as an 
inverted V-shape to the tail of liquid or semi-solid 
bolus (Dodds 1989). It is impairment of such clear- 
ance that is recognised as retention in the valleculae, 
piriform sinus, or both. 

The exact reason why laryngeal elevation leads to 
retention in patients with manometrically normal 
pharyngeal constrictor activity is not clear. It is pos- 
sible that reduced elevation is caused by impaired 
function of the suprahyoid muscles and other eleva- 
tors. Such impaired function might lead to abnormal 
compliance of the wall, against which the constrictors 
may then act. As retention was not seen in a location 
immediately cranial to the cricopharyngeal muscle, 
it is more likely that a defective opening reflects a 
more profound and wide-spread dysfunction in the 
pharynx. Defective opening may be the sole result of 
impaired elevation of the pharynx. 

4.1. 2.3 

The Pharyngoesophageal Segment 

The PES is the transition between the pharynx and 
the esophagus. Between swallows it is kept closed as 
a sphincter of circular striated muscles. Anatomi- 
cally it consists of the cricopharyngeal muscle and 
the inferior portion of the pharyngeal constrictors 
and the superior portion of the cervical esophagus. 
The length of the segment is about 3-4 cm where the 
cricopharyngeal muscle makes up 1-1.5 cm. Closure 
is the effect of muscle tonicity and the pressure from 
surrounding tissues (Kahrilas et al. 1988). Normal 
opening, which is crucial for bolus transport, is 
achieved by relaxation of muscle tone. However, this 
probably only accounts for 10%-20% of the total 
sphincter tonus. More important is the movement of 
the PES superiorly and anteriorly together with the 
larynx and hyoid bone. In addition intrabolus pres- 
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sure created mainly by the tongue-base and constric- 
tor activity also helps to open the PES. 

4.1. 2.4 

The Esophageal Stage 

This is comprehensively presented in Sect. 5.1. 

4.1.3 

The Abnormal Swallow 

In terms of what abnormalities can be expected on 
the four different anatomic levels, a rule of thumb is 
that dysfunction is by far the principal abnormality 
in the oral cavity and pharynx. In the PES, dysfunc- 
tion and structural abnormalities may co-exist. In the 
esophagus, structural abnormalities predominate. 

4.1. 3.1 

The Oral Stage 

Leaking of barium either anteriorly through the lips, 
laterally into the buccal pouches or posteriorly into 
the pharynx is abnormal. Abnormal is also an overly 
large ingestion in a patient with impaired pharyn- 
geal function and misdirected swallowing. This may 



indicate impairment of bolus sizing. Impaired lingual 
movement or jerky uncoordinated movements of the 
tongue during the preparatory phase of swallowing 
is also abnormal. 

In patients with neurologic diseases, oral dysfunc- 
tion regularly predominates over pharyngeal dys- 
function. Radiographically, this can be appreciated 
as defective containment, i.e. leakage of barium either 
anteriorly through the lips, laterally into the buccal 
pouches or posteriorly - into the pharynx where it 
potentially may reach the airways if the laryngeal 
vestibule is not closed. If the patient swallows an 
abnormally large bolus, this may indicate impair- 
ment of bolus sizing. Abnormalities in the oral phase 
of swallowing, i.e. impaired lingual movement or a 
soft tissue defect, generally lead to delayed oral tran- 
sit and clearance of the oral bolus with retention of 
barium. Premature spill of barium into the pharynx 
may be accompanied by failed initiation of swallow, 
aspiration, or both. Impaired oral function is often 
associated with abnormal pharyngeal swallowing 
(Fig. 4.1.3). Normally, the oral phase of swallowing 
undergoes a smooth transition into the pharyngeal 
phase with vigorous transport of the swallowed bolus 
into and through the pharynx. In some patients, how- 
ever, the pharyngeal phase is delayed but otherwise 
normal. 





Fig. 4.1.3a, b. A 49-year-old man with sudden onset of dysphagia. There is a left- 
sided weakness of the pharynx. The left side of the pharynx bulges laterally. There 
is also abnormal opening of the pharyngoesophageal segment, probably due to 
impaired constrictor strength cranially. The pharyngeal constrictor abnormality is 
not appreciated in the lateral projection (a) but only in the frontal projection (b) 



a 
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4.1. 3.2 

The Pharyngeal Stage 

Abnormal initiation of the pharyngeal stage of swal- 
low is easily appreciated when the bolus is conveyed 
into the pharynx without the pharynx being elevated 
and without occurrence of constrictor activity. Again, 
lack of anterior displacement of the hyoid bone is 
a conspicuous indicator of serious abnormality. 
Demonstration of dissociation between the oral 
and pharyngeal stages depends upon observation 
of structural displacement. Except for this failure of 
voluntary elicitation of pharyngeal swallow, the oral 
as well as the pharyngeal stages of swallow basically 
appear radiologically normal. In borderline cases, 
in which the bolus is retained in the valleculae or 
in the piriform sinuses for 2-5 s, the assessment of 
normalcy is based upon observation of the bolus. 

The ultimate consequences of this dissociation is 
that the bolus reaches the pharynx when the larynx is 
still open. Even if the barium does not penetrate into 
the larynx, the delayed initiation is a potential threat 
to safe swallow. Even the slightest barium in the ves- 
tibule indicates abnormality (Fig. 4.1.4). The wide 
range of normalcy can be observed during chewing 
and swallow of a mixture of solids and liquid, espe- 
cially during talking etc. when the barium and/or 
solids are brought into the pharynx while chewing 
goes on without tongue propulsion being elicited. 
Again, what happens to the bolus is more important 




Fig. 4.1.4. Another example of a unilateral pharyngeal con- 
strictor paresis, this time on the right side. The deviation 
of contrast medium into the right may erroneously give the 
impression of a tumour on the normal left side (arrow). This 
pseudotumour appearance has led to numerous unnecessary 
endoscopic examinations 



than observing wall displacement in this circum- 
stance. It is even more important to recognise that, 
if pharyngeal swallow is not triggered at the faucial 
isthmus either by the bolus or the tongue, swallow 
may be elicited from the vallecula or from the poste- 
rior pharyngeal wall. 

Defective closure of the velopharynx is due to either 
soft palate dysfunction or defective function in the 
superior pharyngeal constrictor. Medialward move- 
ment of the lateral wall is more extensive than the 
anterior movement of the posterior constrictor wall. 
Compensation may be in the form of a Passavant’s 
ridge, a protrusion similar to that seen as a compensa- 
tory manoeuvre in speech, in cleft palate persons. 

The pharyngeal constrictors play a crucial role in 
swallowing (Ardran and Kemp 1956). If constrictor 
muscles are paretic, the pharynx is flaccid and allows 
an abnormal expansion of the chamber during the 
compression phase of swallow (Figs. 4.1.3, 4.1.4). 
Such lack of distensibility may result in impaired 
transit of bolus from the oral cavity into the esopha- 
gus even if the tongue acts normally (Thulin and 
Welin 1954; Ekberg et al. 1986). This can be seen 
as a dilated and wide flaccid pharynx but this is a 
non-specific finding. Action of the pharyngeal con- 
strictors is also crucial for clearing barium from the 
pharynx. However, there are pitfalls (Fig. 4.1.5). This 
constrictor activity is best evaluated in the PA view 
(Fig. 4.1.2). The consequence of defective constric- 
tor activity is residual barium in the pharynx after 
swallowing. As the middle pharyngeal constrictor is 
the most commonly involved, retention occurs at the 
level of the laryngeal inlet and may lead to aspiration 
after swallow. 

In the pharynx, retention of contrast medium may 
occur and indicate abnormalities in the tongue-base 
and/or in the pharyngeal constrictors. Any contrast 
medium that reaches into the laryngeal vestibule 
and trachea is abnormal (Figs. 4.1. 1-4.1. 3). This is 
especially true if the patient does not cough during 
this event. This indicates desensitisation and is seen 
in patients with impairment lasting for more than 
about 2 months. Defective tilting down of the epiglot- 
tis is also abnormal and generally seen together with 
impaired movement of the hyoid bone and larynx. 
More fundamental abnormalities are impaired eleva- 
tion of the larynx and pharynx together with the 
hyoid bone at the initiation of pharyngeal swallow. 
This is seen in patients who do not elicit the pharyn- 
geal stage of swallow. We have used the beginning of 
the anterior movement of the hyoid bone as a key 
event. During the preparatory stage the hyoid and 
larynx are moving up and down but at the initiation 
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Fig.4.1.5a-d. a,b Barium swallow, single contrast full column films, c, d Double contrast films. In this 30-year-old woman there 
are extremely large tonsils (arrow). This was seen in both frontal and lateral projection. This may simulate normal or exagger- 
ated function in the constrictor musculature while it in fact is caused by a morphologic abnormality. Such hypertrophic tonsils 
may cause dysphagia 



of the pharyngeal swallow the hyoid starts to move 
anteriorly (from an elevated position). If that move- 
ment is missing the patient does not elicit pharyngeal 
swallow and is thereby at great risk if fed orally. 

4.1.3.2.1 

Misdirected Swallowing 

Confusion exists regarding the terminology confined 
to barium reaching into the airways. Penetration has 



been used either to describe barium reaching into 
the airways during swallow or merely to describe 
barium reaching only into the laryngeal vestibule 
and not beyond the vocal folds. Aspiration has been 
used either to describe barium reaching into the 
airways after swallow and usually due to residue in 
the pharynx or it has been used to described barium 
reaching beyond the vocal folds. Different use of the 
terminology has created confusion which is unneces- 
sary It is much more rational to describe: (1) When 
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the barium reaches into the airways, namely before, 
during or after elicitation of pharyngeal swallow. 
(2) How far into the airways the barium reaches, 
namely into the sub epiglottic, supraglottic portion 
of the laryngeal vestibule or beyond the vocal folds. 
There is no consensus regarding the terminology and 
therefore it is warranted to be precise as the implicit 
meaning of penetration and aspiration is not widely 
accepted. 

Of crucial importance is the co-ordination between 
the oral and pharyngeal stages of swallowing. The 
most common cause of misdirected swallowing is 
dissociation between the oral and pharyngeal stages 
of swallow. This means that those two compartments 
are acting normally but the synchronisation between 
them is impaired. The oral stage includes propulsion 
of the bolus into the pharynx. The pharyngeal stage 
of swallowing includes elevation of the hyoid bone, 
the larynx and the pharynx. It is crucial to observe 
a conspicuous anterior movement of the hyoid bone 
as this is an indicator of elicitation of pharyngeal 
swallow. Any patient who does not show such hyoid 
bone movement potentially has a severe pharyngeal 
dysfunction. There should also be an approxima- 
tion between the larynx and the hyoid bone due to 
contraction of the thyrohyoid muscles. In normal 
individuals timing of the oral and pharyngeal stages 
are tightly co-ordinated and there is usually not a 
time lag of more than 0.5 s between when the apex 



of the bolus passes the faucial isthmus and start of 
the anterior movement of the hyoid bone. In patients 
with such a tight co-ordination misdirected swal- 
lowing is seldom seen. However, the longer the delay 
the more likely misdirected swallow is to occur. Such 
incoordination between oral and pharyngeal stage 
of swallowing is particularly common in the elderly. 
It is often the sole cause of misdirected swallow 
(Fig. 4.1.6). 

Airway closure and constrictor activity are both 
important elements of swallow. Absence of elevation 
of the pharynx and larynx as well as failure of ante- 
rior movement of the hyoid bone are crucial elements 
of abnormal function. These are seen not only in the 
neurologically impaired patient but also after exten- 
sive surgery and/or radiotherapy. During barium 
swallow, the quality of the cough reflex is readily 
appreciated and can be defined as to the level where 
it is elicited, as well as roughly how much and for how 
long the barium must be in contact with the laryngeal 
and/or tracheal mucosa. However, for proper quan- 
tification of misdirected swallowing to the trachea, 
scintigraphy is more accurate than barium swallow 
(Muz et al. 1987). 

Discovery of misdirection of the barium into the 
larynx and/or trachea should not lead to the inter- 
ruption of the study. On the other hand, there are 
patients with massive penetration into the trachea in 
whom a very limited study is sufficient for answering 




Fig. 4.1.6a,b. This patient complained of an occasional sensation of having a foreign body in the neck. She pointed to the lateral 
part of her neck. Several swallows were normal. However, small amounts of barium eventually reached into the laryngeal ves- 
tibule. This was due to a slight dissociation (1.7 s) between the oral and pharyngeal stage of swallow. This was enough to cause 
misdirected swallowing into the laryngeal vestibule. The patient then indicated that she had the foreign body sensation in the 
neck. This was seen both during single-contrast full column film (a) (arrow) and in double-contrast films (b) (arrow) 
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the clinician’s immediate questions apropos possible 
oral feeding. It is important to elucidate the underlying 
pathophysiology in these patients and a few swallows 
should be obtained in lateral projection. However, the 
hazard for acquiring bronchopneumonia secondary 
to misdirected bolus is probably much less than many 
would expect (Ekberg and Hilderfors 1985). 

According to Kun et al. (1987), elderly patients 
have misdirected swallowing due to dysfunction in 
the oral stage or a combination of oral and pharyn- 
geal stage dysfunction. Oral stage dysfunction was 
due to ingestion of a large volume or rapid acqui- 
sition. However, dissociation between the oral and 
pharyngeal stage was the main finding. It has been 
shown that thermal stimulation to the faucial isth- 
mus reduces such a dissociation (Logemann 1983; 
Logemann and Kahrilas 1990). For many years 
such tactile and thermal stimulation of the faucial 
isthmus has been a widely used technique for treat- 
ment of these patients. 

Misdirected swallowing has been considered a 
major cause of aspiration pneumonia. If major aspi- 
ration occurs during barium swallow it is common 
to put the patient on non-oral feeding. The rationale 
for such treatment has been questioned (Siebens 
and Linden 1985). They showed that patients who 
were kept on non-oral feeding showed more frequent 
aspiration pneumonia than those who were kept on 
oral feeding. Their explanation was that saliva con- 
taminated with bacteria in the oral cavity caused 
the pneumonia. The oral hygiene in these patients is 
usually low. They conclude that artificial feeding does 
not seem to be a satisfactory solution for preventing 
pneumonia in elderly prandial aspirators. 

Patients who have defective protection of the air- 
ways during swallowing are also at risk for fatal chok- 
ing episodes. Prandial aspiration most often results 
in reflexive coughing, gagging and forced explora- 
tion. This is often referred to by the patient as “chok- 
ing”. It is usually uncomfortable but brief and usually 
familiar in nature to the patient. This is in contrast 
to airway obstruction during oral intake which may 
be fatal unless the occluding material is removed or 
displaced. Such food asphyxia is an important cause 
of accidental death in children (Editorial 1981; 
Lima 1989). It is estimated that 8000-10,000 adults 
choke to death each year (Donner and Jones 1985). 
The development of the Heimlich manoeuvre and 
its inclusion as part of the basic cardiopulmonary 
resuscitation training has increased public awareness 
of the problem in the United States (Heimlich 1985). 
The cause of near-fatal choking episodes has been 
studied in 58 individuals (Feinberg and Ekberg 



1990). The majority of these patients who had sur- 
vived a Heimlich manoeuvre due to food impaction 
showed abnormalities during the barium swallow. 
The majority aspirated liquid bolus. This was due to 
bolus leak or dissociation. Some patients also showed 
defective closure of the laryngeal vestibule. However, 
a subset of patients (14 of 58) were able to vocalise 
during the near- fatal choking episode and they dem- 
onstrated structural abnormalities of the pharyngo- 
esophageal segment and the esophagus. Therefore, 
patients who have had a near-fatal choking episode 
should undergo elective radiologic barium study in 
order to reveal an underlying cause and prevent new 
episodes that may prove to be fatal. 

4 . 1.4 

Dysfunction of PES 

Defective opening of the PES (pharyngoesophageal 
segment) is a common finding. This may be seen as a 
posterior indentation of the cricopharyngeal muscle. 
However, it has been shown that the indentation per 
se does not impinge on the lumen diameter (Olsson 
and Ekberg 1995). In fact, the diameter of the PES at 
the level of the cricopharyngeal muscle is the same 
in patients with and without that posterior cricopha- 
ryngeal bar. Instead the pharynx is dilated above and 
the cervical esophagus dilated below the cricopha- 
ryngeal bar, thereby giving the false impression of 
lumen narrowing. Manometrically the cricopharyn- 
geal muscle in these patients has been shown to act 
normally, while there is decreased peak amplitudes 
in the pharynx above. There is also a small subset of 
patients who have fibrosis of the PES and the crico- 
pharyngeal muscle but this is rare. The majority of 
patients who appear to have an abnormal opening of 
the PES do have normal morphology and function 
in that particular segment while the impairment in 
fact is defective elevation of the PES and weakness 
of the pharyngeal constrictors (Olsson and Ekberg 
1995). The most common cause of this in turn is lack 
of initiation of the pharyngeal stage of swallowing. 
Therefore, any surgical procedure on the PES is not 
likely to be beneficial. The main reason being that 
only a small fraction of the closure of the PES is due 
to muscle tonicity. 

Failure of the PES to open may be seen in neuro- 
logic disease but is generally not accompanied by 
abnormal pharyngeal bolus transport (Curtis et 
al. 1984, Ekberg 1986a). Failure of the cricopharyn- 
geal muscle to open or elongate may be due to: (1) 
defective muscle relaxation, (2) defective extensibil- 
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ity, (3) hypertrophy or hyperplasia. The posterior 
bar intruding into the barium and created by the 
cricopharyngeus muscle is seldom an isolated dys- 
function. It is commonly associated with abnormal 
motor function in the segment above (i.e., the infe- 
rior pharyngeal constrictor) and/or in the segment 
below (i.e., the cervical esophageal muscles). There- 
fore, the cricopharyngeus indentation, though the 
most conspicuous, is only one aspect of severe motor 
dysfunction in the adjacent PE segment (Ekberg 
1986a). Cervical esophageal webs are also common 
in dysphagic patients (Figs. 4.1.5, 4.1.7). 

Adapted and compensated swallow basically have 
the same radiologic appearance and, in the majority 
of patients, it is notoriously difficult to demonstrate. 
Therefore, a normal radiologic study does not rule 
out pharyngeal abnormality. 

4.1.5 

Radiologic Evaluation in Specific Disease Entities 

Radiologic evaluation of oral and pharyngeal 
function during swallowing has a high sensitivity 
but is non-specific in terms of type and extent of 
underlying pathology (Figs. 4.1. 7-4. 1.9). Specific 
disease is seen to cause pharyngeal dysfunction and 
dysphagia with varying frequency and the cause of 




Fig. 4.1.7. A 76-year-old woman 2 weeks after stroke. Lat- 
eral radiogram of the pharynx during swallowing. Contrast 
medium has reached into the pharynx, through the pharyngo- 
esophageal segment and into the cervical esophagus. The epi- 
glottis is in a horizontal position. The hyoid bone is elevated 
and brought slightly forward. However, contrast medium has 
reached into the laryngeal vestibule to the level of the sinus 
Morgagni. No contrast medium is seen in the trachea. The 
patient did not subjectively experience this misdirected swal- 
low. There was no cough. This indicates chronic aspiration 
(see also Fig. 4.1.8) 




Fig. 4.1.8a-c. A 74-year-old man who had undergone radiotherapy to the neck for laryngeal carcinoma 3 years previously. There 
was no sign of recurrence but the patient now had difficult swallowing. He had sustained several choking episodes, a Lateral 
radiogram of the pharynx. There is thickening of the prevertebral soft tissue and of the epiglottis, b After barium swallow, there 
is contrast medium in the laryngeal vestibule and in the trachea. Only minor retention in the piriform sinuses, c AP view of the 
pharynx. Minor retention in the effaced valleculae and shallow piriform sinuses. Contrast medium is also seen in the laryngeal 
vestibule and sinus Morgagni (see also Fig. 4.1.7) 




Fig.4.1.9a-d. A 65-year-old woman with no prior history of stroke. She developed dysphagia 2 years previously. The dysphagia 
progressed over a couple of weeks. She had difficulty with all kinds of textures and had a very prolonged eating time. The 
contrast medium is brought into the pharynx (a). Pronounced dilatation of the pharynx indicating high compliance secondary 
to weakness of pharyngeal constrictor musculature (b). Eventually contrast medium reached into the laryngeal vestibule but 
not further down into the airways (c). Only very tiny streaks of barium reach through the PE segment during each swallowing 
attempt (d). There was minor anterior movement of the hyoid bone that could indicate that pharyngeal swallow is elicited. 
However, there is no constrictor activity. The patient has spontaneously learnt to compensate for absence of contractility in the 
constrictors [From Ekberg and Olsson (1997)] 
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dysphagia during the disease varies. This has been 
studied radiologically in cerebrovascular disease 
(Veis and Logemann 1985; Donner and Silbiger 
1966), poliomyelitis (Silbiger et al. 1967; Ardran et 
al. 1957), amyotrophic lateral sclerosis (Bosma and 
Brodie 1969a), myasthenia gravis (Murray 1962), 
myotonic dystrophy (Bosma and Brodie 1969b), 
Parkinson’s disease (Calne et al. 1970; Robbins et 
al. 1986), brain stem tumour (Kun et al. 1987), and 
multiple sclerosis (Daly et al. 1962). Even the distinc- 
tion between upper and lower motor neuron disease, 
e.g. cortical bulbar tract dysfunction (pseudobulbar 
palsy) and lower motor neuron disease, i.e. pon- 
tomedullary dysfunction (bulbar palsy) is ambigu- 
ous. However, the latter patients usually have more 
widespread pharyngeal paresis and they also lack 
initiation of pharyngeal swallow. Basically all neu- 
rologic impairments lead to the same dysfunction. 
This is especially so for the “end-stage” dysfunction 
which tend to lead all types of disease entities down 
a common pathway with impaired elevation of the 
larynx and pharynx and impaired anterior move- 
ment of the hyoid. 

The cause of dysphagia in terms of symptoms and 
functions often does not match. Deterioration or 
progression of dysphagia is as a rule compensated. 
So if we could decompensate swallowing this would 
reveal progression. The radiologist may intentionally 
elicit the decompensation by extension of the neck by 
provision of a large bolus and other stresses (Ekberg 
1986b; Buchholz et al. 1985). 



4 . 1 . 5.1 

Cerebrovascular Diseases 

The majority of patients with pharyngeal dys- 
function are patients who suffer from stroke. The 
prevalence of stroke in the US has been estimated to 
approximately 1.6 million persons with 250,000 new 
cases of stroke each year. Of these stroke patients 
30%-50% will develop dysphagia. Strokes that are 
multiple (Veis and Logemann 1985; Rosenbek 
et al. 1991; Horner et al. 1991; Splainard et al. 
1988), bilateral (Logemann 1983), or localised in 
the brainstem (Veis and Logemann 1985; Horner 
et al. 1991; Logemann and Kahrilas 1990; Linden 
and Siebens 1983) are considered to cause severe 
swallowing impairment. However, even unilateral 
cortical or subcortical strokes (Veis and Logemann 
1985; Robbins and Levine 1988; Robbins et al. 1993; 
Gordon et al. 1987; Meadows 1973) can cause swal- 
lowing problems. Dysphagia in the stroke population 



may last for weeks or months but occasionally much 
longer. Although dysphagia is a subjective symptom, 
dysfunction of the pharyngeal stage of swallowing 
can be objectively registered using barium swallow 
and video recording. This technique is now the gold 
standard for evaluation of normal and abnormal 
swallowing. 

Oropharyngeal impairment is recognised as a 
frequent cause of morbidity, disability and costly 
dependence in stroke patients (Veis and Logemann 
1985). Bolus misdirection into the larynx and trachea 
is perhaps the most significant abnormality that we 
routinely observe during barium swallow. Especially 
in the elderly swallowing dysfunction is prevalent. 
Particularly in those who are hospitalised, institu- 
tionalised or well advanced in years. These patients 
represent some of the most challenging cases that 
clinicians must deal with on a routine basis. The diag- 
nosis is difficult and so is management. However, this 
is not because of unique abnormalities in swallowing 
behaviour or morphodynamics but because of the 
patients themselves (Veis and Logemann 1985). 
In fact, swallowing problems may go undetected 
in these patients because signs and symptoms are 
vague, subtle or unreported by the patients’ caregiv- 
ers. Critical management decisions regarding dietary 
alterations, degree of oral intake and institution of 
artificial feeding often depend on the radiologic 
assessment of such misdirected swallowing. 

Radiologists are important members of multi-dis- 
ciplinary teams that address swallowing disorders. 
Diagnosis and treatment of dysphagia depend on 
videofluorographic deglutition examinations during 
barium swallow. Patients with cerebrovascular disease, 
Parkinson’s disease and other neurologic conditions, 
including elderly patients with dementia, need to 
undergo videofluorographic examination in order to 
correctly describe functional status and thereby give 
a platform for rational therapy. Treatment strategies 
must be founded on objective grounds (see Sect. 4.5). 

4 . 1.6 

The Role of the Radiologist in the Design 
of Therapy 

Treatment of oral and pharyngeal dysfunction strives 
to correct or compensate for damage to specific neu- 
romuscular components of the oral and pharyngeal 
swallow, such as reduced tongue movement, delay in 
triggering of the pharyngeal swallow, pharyngeal con- 
strictor paralysis or defective closure of the laryngeal 
vestibule. For evaluation of such therapy, successive 
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radiologic evaluations are necessary (see Sect. 4.5). The 
radiologic examination must: (1) reveal the anatomic 
and/or physiologic abnormalities causing the patient’s 
dysphagia, and (2) identify those compensatory strate- 
gies or therapy techniques which are most effective in 
improving the efficiency of the patient’s oral and pha- 
ryngeal swallow. The radiologic examination should 
start with ingestion and include also the passage of 
the bolus into the stomach. Following liquid swallows, 
the patient should be given other food consistencies, 
particularly pudding consistency materials and food 
requiring chewing, such as cookies. A variety of foods 
mixed with barium can be introduced in the radiologic 
study. The volume of each food or liquid should be 
measured because the dynamics of normal pharyngeal 
swallow vary as volume of the bolus increases. 

Two types of therapy techniques are used for re- 
education for oral and pharyngeal dysphagia: (1) 
“direct” swallowing therapy procedures which pas- 
sively facilitate swallowing by use of particular foods 
and liquids; (2) “indirect” therapy techniques designed 
to compensate for dysfunction by increasing muscle 
strength, range of motion or co-ordination indepen- 
dent of swallowing. The effectiveness of either of these 
techniques is assessed by observing the transport of 
the swallowed bolus during radiography. 
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4.2.1 

Introduction 

There is no dividing line between morphologic 
and functional disorders of the pharynx. Structural 
abnormalities frequently cause abnormal pharyngeal 
motility. Motility disorders often are manifested by 
abnormal pharyngeal structure. Therefore, examina- 
tion of the pharynx requires a dynamic examination 
of motility in combination with static images of mor- 
phology. The radiologist tailors the dynamic (video- 
fluoroscopy) and morphologic (spot image) exami- 
nation to the patient’s clinical history, symptoms and 
the initial fluoroscopic findings (Rubesin and Glick 
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1988; Rubesin and Stiles 1997). This chapter will 
discuss morphologic disorders of the pharynx. 

4.2.2 

Surface Anatomy Pertinent to Roentgen 
Interpretation 

The principles of interpreting roentgen images of 
the pharynx are the same as in the evaluation of the 
remainder of the gastrointestinal tract (Rubesin and 
Laufer 1991). The shape of the pharynx is deter- 
mined by the tongue, laryngeal cartilages (epiglottic, 
thyroid, cricoid, and arytenoid cartilages), the pha- 
ryngeal musculature, and the supporting skeleton. 
The normal surface of distended pharyngeal mucosa 
is smooth (Fig. 4.2.1), except in the regions of the 
palatine and lingual tonsils. The normal surface of the 
palatine and lingual tonsils is slightly nodular due to 
the underlying lymphoid tissue (Figs. 4.2.2 and 4.2.3) 
(Grommet et al. 1982). When the pharynx is slightly 
collapsed, barium-coated striations may be seen 
(Fig. 4.2.4a) (Rubesin et al. 1987a). These lines reflect 
the underlying vertically- oriented inner longitudinal 
muscle layer of the pharynx: the fibers and aponeu- 
rosis of the salpingopharyngeal, stylopharyngeal and 
palatopharyngeal muscles (Fig. 4.2.4b). Transversely- 
oriented lines are seen in the lower hypopharynx and 
reflect redundant epithelium overlying the muscular 
processes of the arytenoid cartilages and cricoid 
cartilage. Thus, any nodularity or focal barium col- 
lection that disrupts the smooth mucosal surface of 
the lateral or posterior pharyngeal wall is suspicious 
for an inflammatory or neoplastic process. 

During pharyngography, the mucosa behind the 
cricoid cartilage appears undulating (Fig. 4.2.5a). 
Although this prominent post-cricoid mucosa was 
thought reflect a venous plexus (Pitman and Fraser 
1965), redundant squamous epithelium and submu- 
cosa explain the radiographic findings (Fig. 4.2.5b) 
(Rubesin et al. 1987a). As long as the post-cricoid 
mucosa changes size and shape during swallowing, a 
post-cricoid tumor need not be considered. 
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Fig. 4.2.1. Arcuate lines in hypopharynx. After the patient aspi- 
rated a small amount of barium, a spot radiograph of pharynx 
shows the relationship of the barium-coated larynx (right true 
vocal cord identified with t) to the hypopharynx. The larynx 
acts as an extrinsic mass impression upon the lower hypo- 
pharynx. Arcuate lines ( arrows ) reflect redundant mucosa in 
the hypopharynx. As long as the arcuate lines are smooth and 
thin, no tumor or inflammatory process should be considered 
(Reproduced with permission from Rubesin SE, Glick SN 
(1988) The tailored double-contrast pharyngogram. Crit Rev 
Diagn Imaging 28:133-179, Fig. 11a) 




Fig. 4.2.2. Mucosal surface base of tongue. Spot radiograph 
of pharynx demonstrates a reticular pattern (representative 
area identified by open arrows) reflecting barium filling the 
interstices of the fine nodular surface of the base of the tongue. 
The reticular surface reflects the underlying lingual tonsil. 
Disruption of the normal, relatively flat reticular surface of 
the tongue is abnormal. Also identified are the uvula (w), epi- 
glottic tip ( e ). The mucosa overlying the muscular processes 
of the arytenoids (right arytenoid identified by a) is elevated 
due to radiation-induced edema. The left hypopharynx, the 
site of the radiated cancer, is contracted 




Fig. 4.2.3. Normal mucosal surface of the palatine tonsils. 
Spot radiograph of pharynx shows barium filling the inter- 
stices of the normal lymphoid tissue of the palatine tonsil 
(thick arrows). Also note the uvular tip ( u ) of the soft palate 
and the palatopharyngeal fold ( long arrow) (Reproduced with 
permission from Rubesin SE, Jones B, Donner MW (1987) 
Contrast pharyngography: the importance of phonation. AJR 
148:269-272, Fig. 2b) 



4.2.3 

Pouches and Diverticula 

Pouches are transient protrusions at sites of anatomic 
weakness of the pharyngeal wall, while diverticula 
are persistent protrusions of pharyngeal mucosa and 
submucosa at these same sites (Perrot 1962). 



4.2.3. 1 

Lateral Pharyngeal Pouches and Diverticula 

The lateral pharyngeal wall most frequently protrudes 
in the region of the thyrohyoid membrane (Fig. 4.2.6), 
an area bounded superiorly by the greater cornu of 
the hyoid bone, inferiorly by the ala of the thyroid 
cartilage, anteriorly by the posterior border of the 
thyrohyoid muscle and posteriorly by the superior 
cornu of the thyroid cartilage and the insertion of the 
stylopharyngeal muscle (Fig. 4.2.7) (Dubrul 1980). 
The unsupported portion of thyrohyoid membrane is 
perforated by the superior laryngeal artery and vein 
and the internal laryngeal branch of the superior 
laryngeal nerve (Pernkopf 1989). It is not known 
what happens to this space during swallowing, when 
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Fig. 4.2.4a, b. Lines of the pharynx, a Spot radiograph shows vertically oriented striations ( arrows ) in the lateral and posterior 
surface of the hypopharynx. These lines reflect the underlying longitudinal muscle layer, b Low-power photomicrograph of the 
lateral pharyngeal wall shows close apposition of the squamous epithelium ( short arrow) to the longitudinal muscle layer ( long 
arrowhead). Only a thin tunica propria (long straight arrow) separates the squamous epithelium from the longitudinal muscle 
layer. The constrictor muscle layer is identified by a curved arrow (a and b reproduced with permission from Rubesin SE, Glick 
SN (1988) The tailored double-contrast pharyngogram. Crit Rev Diagn Imaging 28:133-237, Fig. 5a and 6, respectively) 





b 

Fig. 4.2.5a, b. Post-cricoid mucosa, a Spot radiograph of the pharynx obtained while the bolus pass through the pharyngoesopha- 
geal segment shows undulating mucosa (arrows) just behind the cricoid cartilage, b Low-power photomicrograph obtained at the 
level of the cricoid cartilage (thick arrow) shows a sinuous squamous epithelium (curved arrows) corresponding to the undulating 
mucosa seen in a. The submucosa (long arrow) is very thick at this level, reflecting the need for this area to move easily. Compare 
the thickness of the submucosa here to the tunica propria in 4b. The cricoarytenoid muscle (arrowhead) lies posterior to the 
cricoid cartilage (A reproduced with permission from Rubesin SE (2000) Pharynx. In Levine MS, Rubesin SE, Laufer I (eds) 
Double contrast gastrointestinal radiology. Philadelphia, WB Saunders, pp. 60-89, Fig. 47a; Fig. b reproduced with permission 
from Rubesin SE et al. (1988) The tailored double-contrast pharyngogram. Crit Rev Diagn Imaging 28:133-237, Fig. 8) 
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Fig. 4.2.6a, b. The thyrohyoid membrane, a Spot radiograph of the pharynx shows focal indentation of the contour of the lateral 
hypopharyngeal wall (arrow). This marks the transition between the hypopharynx that lies above the ala of the thyroid cartilage 
and the portion of hypopharynx confined by the thyroid cartilage, b Corresponding line drawing demonstrates the point where the 
anterolateral hypopharyngeal wall becomes confined by the thyroid cartilage (arrow). The thyrohyoid membrane (t) bridges the 
space between the hyoid bone (b) and the thyroid cartilage (c). Also note the epiglottic cartilage (e) and cricoid cartilage (Cr) (a and 
b reproduced with permission from Rubesin SE et al. (1987) Lines of the pharynx. RadioGraphics 7:217-237, Fig. 10a and 10b) 




Fig. 4.2.7a, b. Location of lateral pharyngeal pouches, a Line drawing performed in the lateral view shows the location of the 
unsupported portion of the thyrohyoid membrane (arrow): posterior to the thyrohyoid muscle (m) and membrane, anterior to 
the superior cornu of the thyroid cartilage and inserting fibers of the stylopharyngeus muscle (s), inferior to the hyoid bone (/z), 
and superior to the ala of the thyroid cartilage (a), b Dissection of pharynx viewed from behind shows the unsupported portion of 
the thyrohyoid membrane (black arrow) and the internal branch of the superior laryngeal nerve (black arrowheads). The thyroid 
cartilage is identified by open arrows. Also identified are the palatopharyngeal fold (white P) and its corresponding palatopharyn- 
geus (black P), the uvula (u), the circumvallate papillae (tiny white arrow), the left pharyngoepiglottic fold ( arrowhead ), the left 
piriform sinus (one white dot on the left), the mucosa overlying the cuneiform and corniculate cartilages (tiny black arrows), the 
right arytenoid muscle (one white dot on the right) and the cricoarytenoid muscle (two white dots on the right) (a and b reproduced 
with permission from Rubesin SE et al. (1987) Lines of the pharynx. RadioGraphics 7:217-237, Figs. 8b, 11c) 
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the hyoid bone and thyroid cartilage are brought 
together by contraction of the thyrohyoid muscle. 

Lateral pharyngeal pouches are extremely common, 
the incidence increasing with patient age. Only a small 
percentage (about 5%) of patients with lateral pha- 
ryngeal pouches are symptomatic, complaining of 
dysphagia, choking, or regurgitation of undigested 
food (Curtis et al. 1988; Lindbichler et al. 1998). 

During swallowing, in the frontal view, lateral pha- 
ryngeal pouches are manifested as transient sac-like 
protrusions (Fig. 4.2.8) of the lateral wall above the 
notch in the lateral pharyngeal wall that denotes the 
junction of the ala of the thyroid cartilage and the 
thyrohyoid membrane. The neck of the sac changes 
size during swallowing when the thyroid cartilage is 
raised to appose the hyoid bone. On the lateral view, 
pouches are manifested as barium-filled sacs on the 
anterior hypopharyngeal wall just below the hyoid 
bone at the level of the valleculae. Barium retained 
in the pouches is spilled into the lateral swallowing 
channels just after the bolus passes. 

Lateral pharyngeal diverticula are persistent pro- 
trusions at the level of the thyrohyoid membrane. 
These diverticula are barium-filled sacs which usu- 
ally fill via a narrow neck. In contrast to lateral pha- 
ryngeal pouches, lateral pharyngeal diverticula are 
often unilateral (Fig. 4.2.9). 



4.23.2 

Branchial Cleft Cysts and Fistulas 

Branchial clefts are grooves of ectodermal origin that 
develop on both sides of the neck in a 4-week-old 
embryo (Hyams et al. 1988; Mar an and Buchanan 
1978). Branchial pouches are four pharyngeal out- 
pouchings of endodermal origin that meet the 
branchial clefts. The first branchial cleft forms the 
external auditory meatus. The second branchial cleft 
forms the middle ear, eustachian tube and floor of 
the tonsillar fossa. The third and fourth branchial 
pouches form the piriform sinuses. Persistence of 
either a branchial cleft or pouch may result in a 
sinus tract or cyst. 

The most common branchial vestige is a cyst aris- 
ing from the second branchial cleft. Small second 
branchial cleft cysts lie anterior to the sternocleido- 
mastoid muscle. Larger cysts may extend below the 
sternocleidomastoid muscle between the internal and 
external carotid arteries. These cysts only rarely com- 
municate with the pharynx (Bachman et al. 1968). 

Branchial pouch sinuses end blindly in the soft 
tissue of the neck. Branchial pouch fistulas extend 
to the skin. Branchial pouch sinuses and fistulas 
arise from the tonsillar fossa (second pouch), the 
upper anterolateral wall of the piriform sinus (third 




Fig. 4.2.8a, b. Lateral pharyngeal pouches, a Spot radiograph obtained during drinking shows a small right ( small white arrow) 
and larger left ( large white arrow) lateral pharyngeal pouch. Note the relationship with the hyoid bone (/z). The epiglottis ( small 
black arrows) is tilting asymmetrically. Note the height of the right lateral pharyngeal pouch ( double arrow) while the patient 
drinks the bolus, b Spot radiograph obtained just after the swallow in A shows that the pharynx has descended to its normal 
resting position. The notch identifying the superior border of the thyroid cartilage is identified ( white arrow). Note the differ- 
ence in height of the thyrohyoid membrane during swallowing ( double arrow in a) and at rest ( double arrow in b) 
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Fig. 4.2.9a, b. Lateral pharyngeal diverticulum, a Spot radiograph ob- 
tained with patient in frontal position shows a 5 mm ovoid sac (arrow), 
partially filled with barium. Note that the diverticulum protruding from 
the left lateral upper hypopharyngeal wall and is about at the level of the 
valleculae (left vallecula identified with v). b Spot radiograph obtained 
with patient in lateral position shows that the ovoid diverticulum (arrow) 
arises from the anterior portion of the lateral hypopharyngeal wall 




pouches) and the lower anterolateral wall of the piri- 
form sinus (fourth pouches). Although most of these 
sinuses and pouches are present at birth, sinus tracts 
are occasionally detected for the first time in adults 
(Fig. 4.2.10). 




Fig. 4.2.10. Second branchial pouch sinus. Spot radiograph 
with patient in steep right posterior oblique position shows an 
irregular barium filled track (arrows) arising from the region 
of the right palatine fossa (Reproduced with permission from 
Rubesin SE, Glick SN (1988) The tailored double-contrast 
pharyngogram. Crit Rev Diagn Imaging 28:133-179, Fig. 23b) 



4 . 2.33 

Zenker's Diverticulum 

Zenker’s diverticulum (posterior pharyngeal diver- 
ticulum ) is an acquired mucosal herniation through 
Killian’s dehiscence, a gap in the region of the cri- 
copharyngeal muscle, found in about one-third of 
individuals at autopsy (Zaino et al. 1970). There is 
considerable variation in the anatomy of the thyro- 
pharyngeus and the cricopharyngeus. Thus, Killian’s 
dehiscence has been described as arising either 
between the thyropharyngeus and the cricopharyn- 
geus or between the oblique and transverse fibers 
of the cricopharyngeus (Perrot 1962; Zaino 1967; 
Zaino et al. 1970). 

The relationship between Zenker’s diverticulum 
and the function of the cricopharyngeus is not known. 
In some studies, upper esophageal sphincter (UES) 
pressure is normal (there is no spasm), the muscle 
relaxes completely during swallowing (there is no 
achalasia) and there is normal coordination between 
pharyngeal contraction and UES relaxation (Knuff 
et al. 1982; Frieling et al. 1988). Other studies have 
suggested that there is either abnormal relaxation of 
the UES or incoordination of pharyngeal contrac- 
tion. It is also not known whether chronic gastro- 
esophageal reflux predisposes to the development of 
Zenker’s diverticulum. Clearly, between 65 and 95% 
of patients with Zenker’s diverticulum have gastro- 
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esophageal reflux (Smiley et al. 1970; Delahunty et 
al. 1971; Rubesin and Levine 2001) 

Zenker’s diverticulum is usually first detected in 
elderly patients who complain of dysphagia, halitosis, 
choking, hoarseness, or regurgitation of undigested 
food. Zenker’s diverticulum is not infrequently found 
in asymptomatic individuals or patients being stud- 
ied for symptoms of gastroesophageal reflux disease. 
Change in character of dysphagia or bloody dis- 
charge in a patient with a known Zenker’s diverticu- 
lum suggests development of a complication such as 
ulceration, fistula formation or carcinoma (Nanson 
1976; Shirazi et al. 1977). 

Radiographically, in the frontal view, Zenker’s 
diverticulum appears as a barium-filled sac midline 
below the tips of the piriform sinuses (Figs. 4.2.11 
and 4.2.12). In the lateral view, Zenker’s diverticu- 
lum appears as a barium-filled sac posterior to a 
prominent pharyngoesophageal segment and the 
upper cervical esophagus (see Fig. 4.2.12). During 
swallowing, Zenker’s diverticulum appears as a 
protrusion of the lower hypopharyngeal wall pos- 
terior to the expected luminal contour, the neck of 
the diverticulum originating above a “prominent” 
pharyngoesophageal segment. The opening of the 
diverticulum may be very large during swallowing, 
almost 2 cm in height (Fig. 4.2.13). After the swallow 



has passed, barium regurgitates back into the hypo- 
pharynx, in rare cases, resulting in overflow aspira- 
tion. Any irregularity of the contour of the diverticu- 
lum suggests development of an ulcer or carcinoma 
(Wychulis et al. 1969). 

Zenker’s diverticulum should not be confused with a 
“pseudo-Zenker’s diverticulum”, barium trapped above 
a cricopharyngeus that has either opened incompletely 
or closed early (Fig. 4.2.14). Some pseudo-Zenker’s 
diverticula are pouches arising at Killian’s dehiscence. 
It is not known whether a Zenker’s diverticulum can 
develop from a pseudo-Zenker’s diverticulum. This 
author believes that many pseudo-Zenker’s diverticula 
result from cricopharyngeal response to gastroesopha- 
geal reflux (Brady et al. 1995). 

4.2.3A 

Killian-Jamieson Pouches and Diverticula 

Killian-Jamieson diverticula protrude through the 
Killian-Jamieson space, a gap in the muscle of the 
proximal cervical esophagus. This gap is bounded 
superiorly by the inferior margin of the cricopha- 
ryngeal muscle, anteriorly by the inferior margin 
of the cricoid cartilage and inferomedially by the 
suspensory ligament of the esophagus just below 
its origin on the posterior lamina of the cricoid 




Fig. 4.2.1 la, b. Small Zenker’s diverticulum, a Spot radiograph with patient in frontal position shows a 5 mm ovoid barium-filled 
sac (arrow) midline below the tips of the piriform sinuses, b Spot radiograph with patient in lateral position shows a 4 mm 
barium-filled sac (arrow) posterior to the expected lumen of the pharyngoesophageal segment. Note that this tiny diverticulum 
persists after swallowing but does not extend posterior to the pharyngoesophageal segment 
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Fig. 4.2.1 2a, b. Moderately large Zenker’s diverticulum, a Spot radiograph with patient in frontal position shows a 3 cm barium- 
filled sac (arrow) midline below the tips of the piriform sinuses, b Spot radiograph with patient in lateral position shows 
a relatively flat, but long barium-filled sac (large arrows) posterior to the pharyngoesophageal segment and upper cervical 
esophagus (small arrow) 




Fig. 4.2.1 3a, b. Opening of a moderately large Zenker’s diverticulum, a Spot radiograph obtained at rest with patient in lateral 
position shows a 2 X 3 cm sac (large arrow) posterior to the pharyngoesophageal segment (small arrow) and upper cervical 
esophagus, b Spot radiograph obtained just as the bolus (b) approaches the pharyngoesophageal segment shows that the 
opening (double arrow) of the Zenker’s diverticulum is very tall, at least the height of one vertebral body. Barium entering 
the laryngeal vestibule was due to abnormal timing between the oral and pharyngeal phase of swallowing (b reproduced with 
permission from Rubesin SE (1991) Pharyngeal dysfunction. In Gore RM (ed) Categorical course on gastrointestinal radiology. 
Reston, VA, American College of Radiology, 1-9, Fig. 5c) 
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Fig. 4.2.14a, b. Pseudo-Zenker’s diverticulum, a Spot image obtained during swallowing shows no evidence of a diverticulum 
at the level of the cricoid cartilage, as identified by redundant post-cricoid mucosa ( open arrow), b Spot image obtained just 
after the swallow has passed shows barium trapped (arrow) above a cricopharyngeal bar that has closed early. Seconds later 
the pseudo-Zenker’s diverticulum disappeared when the collection of barium entered the cervical esophagus 



cartilage (Killian 1908). These diverticula are 
also known as “proximal lateral cervical esopha- 
geal diverticula” or “lateral diverticula from the 
pharyngoesophageal junction area” (Ekberg and 
Nylander 1983a). Patients with Killian-Jamie- 
son diverticula are usually asymptomatic or have 
symptoms due to abnormal pharyngeal motility 
(Rubesin and Levine 2001). 

During pharyngography, the opening of the 
Killian-Jamieson diverticulum lies just below the 
cricopharyngeus (Fig. 4.2.15). The opening of the sac 
changes size and shape with elevation of the cervical 
esophagus during swallowing (see Fig. 4.2.15). The 
sac of the diverticulum lies lateral to the proximal 
cervical esophagus on frontal views and overlaps 
the cervical esophagus on lateral views. Killian- 
Jamieson diverticula are more frequently unilateral 
than bilateral and are usually left-sided (Fig. 4.216) 
(Rubesin and Levine 2001). Bilateral diverticula are 
seen in about one-quarter of patients. Killian-Jamie- 
son diverticula are smaller than Zenker’s diverticula, 
averaging about 1.4 cm (Rubesin and Levine 2001). 
Regurgitation of barium from the sac into the hypo- 



pharynx is uncommon because regurgitation is pre- 
vented by the cricopharyngeus muscle. Occasionally, 
Killian-Jamieson diverticula and a Zenker’s diver- 
ticulum are seen in the same patient (Fig. 4.2.17). 

Pouches are also frequently detected at the Killian- 
Jamieson space. These pouches may be related to 
early closure of the upper cervical esophagus, a find- 
ing associated with gastroesophageal reflux. On the 
frontal view, pouches appear as shallow, broad-based 
protrusions of the lateral proximal cervical esopha- 
geal wall; these pouches are effaced during swallow- 
ing (Ekberg and Nylander 1983a). 

4.2.4 

Inflammatory and Other Lesions 
4.2.4 . 1 

Lymphoid Hyperplasia 

The normal surface of the base of the tongue has a 
reticular pattern created by the underlying lingual 
tonsil, an aggregate of 30-100 follicles extending from 
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Fig. 4.2.1 5a-d. Killian- Jamieson diverticula, a Spot radiograph obtained at the end of the swallow shows a 1.3 cm diverticu- 
lum ( thick arrow) arising from the left lateral wall just below the level of the cricopharyngeus. The neck ( double arrow) of 
the diverticulum is broad during swallowing, b Spot radiograph obtained just after the bolus passed shows a narrower neck 
( double arrow) of the diverticulum, c Spot radiograph obtained with the patient in the lateral position shows a 1.3 cm diver- 
ticulum ( large arrow) below the level of the cricopharyngeus. Part of the diverticulum lies anterior to the expected course of 
the pharyngoesophageal segment and upper cervical esophagus ( small arrow). Barium in the laryngeal vestibule and proximal 
trachea was related to a pharyngeal motor disorder, d Spot radiograph obtained during swallowing demonstrates that part of 
the diverticulum ( white arrow) lies anterior to the pharyngoesophageal segment. The presence of a prominent cricopharyngeus 
( black arrow) demonstrates that the diverticulum lies below the cricopharyngeus (a, b, c, and d reproduced with permission 
from Rubesin SE, Levine MS (2001) Killian-Jamieson diverticula: radiographic findings in 16 patients. AJR 177:85-89, Fig. 1) 
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Fig. 4.2.16. Killian- Jamieson diverticulum. Spot radiograph 
obtained during swallowing shows a 1.5 cm barium-filled 
sac (arrow) arising from the left lateral wall near the pha- 
ryngoesophageal segment. After swallowing the orifice of the 
diverticulum was shown to be below the cricopharyngeus 
(Reproduced with permission from Rubesin SE, Levine MS 
(2001) Killian- Jamieson diverticula: radiographic findings in 
16 patients. AJR 177:85-89, Fig. 2) 



the circumvallate papillae to the root of the epiglottis 
(see Fig. 4.2.2) (Grommet et al. 1982). Hypertrophy of 
the lingual tonsils may occur after puberty, as a com- 
pensatory response to tonsillectomy/adenoidectomy, 
or as non-specific response to allergy or repeated 
infection. 

Hypertrophy of the lingual tonsils disrupts the 
normal reticular surface pattern. There are no radio- 
graphic criteria, however, to differentiate nodularity 
of the base of the tongue attributed to the normal 
lingual tonsil from that of lymphoid hyperplasia. On 
frontal views in patients with lymphoid hyperplasia, 
there are large 5-7 mm, smooth surfaced nodules car- 
peting the vertical surface of the tongue (Figs. 4.2.18 
and 4.2.19a). In the lateral view, these nodules pro- 
trude posteriorly (Fig. 4.2.19b). With severe lym- 
phoid hyperplasia, nodules may be detected in the 
valleculae, the lingual surface of the epiglottis and 
the upper hypopharynx. Although lymphoid hyper- 
plasia can appear coarsely nodular, asymmetrically 
distributed or mass-like; if any asymmetric or mass- 
like nodularity is demonstrated radiographically, 
carcinoma or lymphoma should be excluded via ENT 
exam and/or MRI. 




Fig. 4.2.1 7a, b. Zenker’s diverticulum and left lateral Killian- Jamieson diverticulum arising in same patient, a Spot radiograph 
obtained with patient in frontal position demonstrates a 3 cm barium-filled Zenker’s diverticulum ( Z ) positioned slightly to 
the left of midline. Barium in right piriform sinus ( p ) results from reflux of barium from the Zenker’s diverticulum back into 
the hypopharynx. A 1.6 cm left lateral, barium-filled Killian- Jamieson diverticulum (K) lies below and to the left of the Zenker’s 
diverticulum, b Spot radiograph obtained with patient in steep right posterior oblique position shows that the Zenker’s diver- 
ticulum ( Z ) extends posterior to the pharyngoesophageal segment ( arrowhead ). Part of the Killian- Jamieson diverticulum ( K ) 
lies anterior to the course of the proximal cervical esophagus (a and b reproduced with permission from Rubesin SE, Levine 
MS (2001) Killian-Jamieson diverticula: radiographic findings inl6 patients. AJR 177:85-89 Fig. 3) 
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Fig. 4.2.18. Lymphoid hyperplasia, base of tongue. Frontal 
view shows many large, 5-7 mm nodules carpeting the surface 
of the base of the tongue (Reproduced with permission from 
Rubesin SE, Jessurun J, Robertson D (1987) et al. Lines of 
the pharynx. RadioGraphics 7:217-237, Fig. 9c) 



Acute epiglottitis usually affects children between 
3 and 6 years of age, but may also be seen in adults 
(Harris et al. 1970). Plain film diagnosis is important, 
as manipulation of the tongue/pharynx or barium 
studies may exacerbate edema and trigger acute 
respiratory arrest (Balfe and Heiken 1986). Smooth 
enlargement of the epiglottis and aryepiglottic folds 
allows plain film diagnosis of severe epiglottitis. 

Barium studies are usually not performed in 
immunocompetent patients with acute sore throat. 
In immunocompromised patients, barium studies are 
used to demonstrate the presence, type and severity of 
esophagitis. Thus, in patients with AIDS, a double-con- 
trast examination may demonstrate the small ulcers of 
herpetic pharyngitis or the plaques of Candida phar- 
yngitis (Fig. 4.2.20) (Rubesin and Glick 1988). Acute 
inflammatory disorders may cause laryngeal penetra- 
tion due to abnormal pharyngeal elevation, epiglottic 
tilt or laryngeal closure. 

Videopharyngography may be performed, how- 
ever, on patients with acute odynophagia or dyspha- 
gia after trauma or suspected iatrogenic trauma. A 




Fig. 4.2.1 9a, b. Lymphoid hyperplasia of palatine tonsils and base of tongue, a Frontal view demonstrates large left and right 
palatine tonsils ( arrows ) protruding into oropharynx. The reticular surface of the base of the tongue is slightly prominent 
and the nodules are slightly enlarged, b Lateral view obtained while the patient sings “Eeee...” shows a slightly nodular mass 
( white arrows) in the tonsillar fossa. Several nodules ( black arrows) protrude into the barium pooling in the valleculae (a and 
b reproduced with permission from Rubesin SE. Structural abnormalities. In Gore RM, Levine MS, Laufer I (1994) Textbook 
of Gastrointestinal Radiology. Philadelphia, WB Saunders, pp. 244-276, Fig. 17-12) 
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Fig. 4.2.20. Candida pharyngitis. Frontal view of the pharynx 
shows numerous small nodules etched in white by barium. 
The nodules carpet the pharynx (Reproduced with per- 
mission from Rub esin SE. Structural abnormalities of the 
pharynx. In: Gore RM, Levine MS (eds) 2000 Textbook of 
Gastrointestinal Radiology. Philadelphia, WB Saunders, pp. 
227-255, Fig. 15-14.) 



non-ionic water-soluble contrast agent is given first, 
followed by ionic, water-soluble contrast if no laryn- 
geal penetration is seen (Fig. 4.2.21). When no per- 
foration is demonstrated with a water-soluble con- 
trast agent, this author prefers to give high-density 
barium, as this form of barium sticks to the mucosal 
surface and is easier to detect in the extraluminal soft 
tissues than thin barium. 

4.2.43 

Chronic Inflammatory Conditions 

In patients with acute corrosive ingestion, water-solu- 
ble contrast studies maybe utilized to exclude perfora- 
tion of the pharynx, esophagus or stomach. Corrosive 
ingestion can result in amputation of the uvula and 
epiglottis and diffuse ulceration. With healing and 
scarring, epiglottic and pharyngeal wall deformity 
results in pharyngeal dysmotility (Fig. 4.2.22). 

Aphthous stomatitis and oropharyngeal ulceration 
with subsequent scarring maybe seen in Behcet’s syn- 
drome, bullous pemphigoid, epidermolysis bullosa, 
Reiter’s syndrome, and Stevens-Johnson syndrome 
(Bosma et al. 1968; Kabakian and Dahmash 1978). 




Fig. 4.2.21 a, b. Acute perforation during endoscopy, a Scout radiograph shows a large amount of air (arrows) in the retropharyn- 
geal space. The posterior wall of the pharynx ( open arrow) is deviated anteriorly, b Spot radiograph obtained while the patient 
swallows water-soluble contrast agent shows a small spurt of contrast (arrow) just above the cricopharyngeus (open arrow). 
The contrast spreads in the retropharyngeal space 
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Fig. 4.2.22a, b. Sequelae of corrosive ingestion. Twenty years prior to this examination, the patient had ingested lye. a Frontal 
view demonstrates a low and easily seen epiglottis ( white arrows). The right piriform sinus is contracted; the left piriform sinus 
has a radiolucent band representing a scar ( black arrow) crossing its lower portion, b Lateral view shows that the truncated 
epiglottis (arrow) is posteriorly displaced. A small amount of barium coats the anterior wall of the laryngeal vestibule (a and 
b reproduced with permission from Rubesin SE (2000) Pharynx. In Levine MS, Rubesin SE, Laufer I (eds) Double contrast 
gastrointestinal radiology. Philadelphia, WB Saunders, pp. 60-89, Fig. 4-20) 



Amputation of the uvula and tip of the epiglottis may 
be detected radiographically (Bosma et al. 1968). 

4.2AA 

Webs 

Webs are thin folds of epithelium and lamina propria 
most frequently found on the anterior wall of the lower 
hypopharynx and proximal cervical esophagus (Cle- 
ments et al. 1974). Pharyngeal and cervical esopha- 
geal webs are seen in 3-8% of patients undergoing an 
upper gastrointestinal examination and in up to 16% 
of patients at autopsy (Seaman 1967; Clements et al. 
1974; Nosher et al. 1975; Ekberg 1981; Ekberg and 
Nylander 1983b). Some webs are the result of diseases 
that cause chronic inflammation and scarring, such 
as epidermolysis bullosa and benign mucous mem- 
brane pemphigoid. Webs in the valleculae or piriform 
sinuses may be normal variants (Ekberg et al. 1986). 
This author believes that some cervical esophageal 
webs are related to chronic gastroesophageal reflux, 
similar to the association of distal esophageal webs 
and gastroesophageal reflux disease (Weaver et al. 
1984). The association of cervical esophageal webs, 
iron deficiency anemia, and pharyngeal or esophageal 
carcinoma - the Plummer- Vinson or Patterson-Kelly 
Syndrome - is controversial (Waldenstrom and 
Kjeulberg 1939; Mcnab-Jones 1961). 



Webs are manifested radiographically as 1-2 mm 
in height, shelf-like radiolucent filling defects on the 
anterior wall of the pharyngoesophageal segment 
or proximal cervical esophagus. Larger webs may 
protrude deeply into the lumen or extend circum- 
ferentially around the wall of the cervical esophagus 
(Fig. 4.2.23). Dilatation of the pharynx or cervical 
esophagus proximal to the web or a stream of barium 
spurting through the web (the “jet phenomenon”) 
are signs of partial obstruction and usually seen in 
symptomatic patients (Shauffer et al. 1977; Taylor 
et al. 1990). Webs should not be confused with redun- 
dant mucosa just posterior to the cricoid cartilage or 
a prominent cricopharyngeus (Fig. 4.2.24). 

4.2.5 

Tumors 

4.2.5. 1 

Benign Tumors 

A wide variety of benign tumors originate in the phar- 
ynx (Hyams et al. 1988; Bachman 1978). Retention 
cysts are lined by squamous epithelium and filled with 
desquamated debris. These cysts are the most common 
benign tumors of the base of the tongue (Fig. 4.2.25) 
and aryepiglottic folds (Fig. 4.2.26) (Bachman 1978). 
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Fig. 4.2.23. Cervical esophageal webs. Spot radiograph obtained 
with the patient in the erect slightly right posterior oblique 
position shows two circumferential webs in the cervical esopha- 
gus. The upper web ( short white and black arrows) is circumfer- 
ential and only mildly compromises the lumen. The lower web 
( large white arrow) is also circumferential, but occludes more 
than two-thirds of the luminal diameter. Partial obstruction is 
manifested by dilatation of the proximal cervical esophagus (E) 
and the “jet phenomenon”, barium spurting ( long black arrow) 
through the web (Reproduced with permission from Rubesin 
SE (1995) Oral and pharyngeal dysphagia. Gastro Clin North 
Am 1995; 24:331-352, Fig. 1) 



Ectopic thyroid tissue, thyroglossal duct cysts, granu- 
lar cell tumors and benign tumors of minor muco- 
serous salivary gland origin also arise in the base of the 
tongue. Saccular cysts of the aryepiglottic folds are the 
mucus-filled variant of internal laryngoceles, arising 
from mucous secreting glands of the appendix of the 
laryngeal ventricle. Lipomas, neurofibromas, granular 
cell tumors and oncocytomas rarely also be seen in the 
aryepiglottic folds (Manson et al. 1978; Patterson 
et al. 1981; Hyams et al. 1988). Tumors related to neu- 
rofibromatosis (von Recklinghausen’s disease) typi- 
cally occur in the aryepiglottic folds (Fig. 4.2.27) and 
arytenoid cartilages (Chang-Lo 1977). Chondromas 
may originate in the posterior lamina of the cricoid 
cartilage (Hyams and Rabuzzi 1970). 

Benign pharyngeal tumors are usually sessile sub- 
mucosal masses, appearing radiographically en face 
as smooth, round, sharply circumscribed protrusions 
(see Fig. 4.2.26) and in profile as hemispheric lines 
with abrupt angulation to the luminal contour (see 



Fig. 4.2.24. Post-cricoid mucosa, prominent cricopharyngeus 
and cervical osteophyte impression. Spot radiograph obtained 
during drinking demonstrates osteophytes mildly impressing 
the upper cervical esophagus (open black arrow). Also note a 
mildly prominent cricopharyngeus ( white arrow) and redun- 
dant mucosa posterior to the cricoid cartilage ( arrowheads ). 
None of these entities should be confused with cervical 
esophageal webs (Reproduced with permission from Rubesin 
SE (1995) Oral and pharyngeal dysphagia. Gastro Clin North 
Am 24:331-352, Fig. 7) 



Fig. 4.2.25). (Balfe and Heiken 1986). Pedunculated 
tumors such as lipoma, papilloma or fibrovascular 
polyp are uncommon. 

4,2. 5.2 

Squamous Cell Carcinoma 

Squamous cell carcinomas comprise 90% of malig- 
nant pharyngeal lesions (Hyams et al. 1988; Cun- 
ningham and Catlin 1967). Multiple primary sites 
of squamous carcinoma are found in the oral cavity, 
pharynx, larynx, esophagus and lung in more than 
20% of patients (Carpenter et al. 1976). Between 
1 and 20% of patients with a head and neck squa- 
mous cell carcinoma will subsequently develop an 
esophageal squamous cell carcinoma (Goldstein 
and Zornoza 1978; Thompson et al. 1978) 

Squamous cell carcinoma maybe initially detected 
in patients undergoing pharyngoesophagography 
for pharyngeal symptoms or a palpable neck mass. 
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Fig. 4.2.25a, b. Retention cyst, left vallecula, a Spot radiograph obtained with patient in slight right posterior oblique position 
shows an ovoid, 1.5 cm radiolucent filling-defect ( arrows ) in the barium pool of the left vallecula, b Lateral view shows an ovoid 
area of increased radiodensity (arrow) etched by barium 




Fig. 4.2.26. Retention cyst arising in mucosa overlying the mus- 
cular process of the right arytenoid. A ring shadow ( arrows ) 
surrounding a 1.7 cm smooth-surfaced area of increased 
radiodensity is seen. This lesion had been missed on two pre- 
vious endoscopies (Reproduced with permission from Rubesin 
SE, Glick SN (1988) The tailored double- contrast pharyngo- 
gram. Crit Rev Diagn Imaging 28:133-179 Fig 25a) 



The symptoms are usually of short duration and 
include sore throat, dysphagia, odynophagia, chok- 
ing or coughing. Hoarseness occurs in patients with 
laryngeal carcinoma, supraglottic cancers, or tumors 
infiltrating the arytenoid cartilage and medial pha- 
ryngeal wall. Most patients are 50 to 70 years of age 
and almost all abuse alcohol and tobacco. 

In patients with known pharyngeal carcinoma, 
pharyngoesophagography assists in planning patient 
work-up and therapy. A pharyngogram establishes 
baseline motility and helps define the size, extent 
and inferior border of the tumor. Barium examina- 
tion can exclude a synchronous esophageal tumor 
or a structural disorder (Zenker’s diverticulum) that 
may change the way endoscopy is performed or the 
patient is treated. Pharyngography cannot be used 
to screen for pharyngeal cancer, as small, flat tumors 
can be missed in the region of the palatine tonsils 
or base of tongue, areas of normal mucosal nodular- 
ity. Below the pharyngoesophageal fold, however, 
barium studies detect 95% of structural abnormalities 
(Semenkovich et al. 1985). Barium studies are espe- 
cially valuable in the deep valleculae, lower hypophar- 
ynx and pharyngoesophageal segment, areas that are 
difficult to visualize at endoscopy (Fig. 4.2.28). 

The radiographic findings of pharyngeal cancer 
are similar to tumors elsewhere in the gastrointestinal 
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Fig. 4.2.27a, b. Neurofibroma in 27-year-old-man with known neurofibromatosis and stridor, a Plain radiograph of the neck 
with patient in the lateral position shows a large, round soft-tissue mass ( arrows ) in the vicinity of the aryepiglottic folds. The 
epiglottic tip ( e ) is identified, b Axial image from CT scan shows a soft-tissue mass (m) arising from the right aryepiglottic 
fold ( arrowhead ). The tip of the epiglottis ( small arrow) is calcified (A reproduced with permission from Rubesin SE, Laufer 
I (1991) Pictorial review: principles of double contrast pharyngography. Dysphagia 6:170-178, Fig. la; b reproduced with per- 
mission from Rubesin SE. Structural abnormalities. In Gore RM, Levine MS, Laufer I (1994) Textbook of Gastrointestinal 
Radiology. Philadelphia, WB Saunders, pp. 244-276, Fig. 17- 17b) 




Fig. 4.2.28 Carcinoma of the pharyngoesophageal segment 
missed at ENT endoscopy. Spot radiograph shows mucosal 
nodularity ( representative areas of nodularity identified by 
small arrows) involving the distal hypopharynx, pharyngo- 
esophageal segment and upper cervical esophagus. The 
pharyngoesophageal segment is expanded (large arrows) by 
tumor. This patient had two ENT endoscopies within three 
months of the pharyngoesophagram 



tract (Rubesin and Glick 1988). A mass protruding 
intraluminally may be manifested as loss of the normal 
expected contour, a focal area of increased radiodensity 
replacing the original air of the lumen, extra barium- 
coated lines protruding into the pharyngeal air column 
(Fig. 4.2.29), or a radiolucent filling defect in the barium 
pool (Fig. 4.2.30) (Jing 1970; Balfe and Heiken 1986; 
Rubesin 2000a; Rubesin and Laufer 1991). Mucosal 
ulceration is manifested as shallow pools of barium. 
Surface irregularity is manifested as a granular, finely 
nodular or lobulated surface texture (Fig. 4.2.31). Asym- 
metric motion may result from fixation of structures 
due to infiltrating tumor (Fig. 4.2.32). Asymmetric dis- 
tensibility may result from an extrinsic mass imping- 
ing on the pharynx. In some patients with pharyngeal 
carcinoma, a focal area of mucosal nodularity is the only 
radiographic finding (Figs. 4.2.33 and Fig. 4.2.34). 

The palatine tonsil is the most frequent site of pha- 
ryngeal squamous cell carcinoma. Exophytic tumors 
are easily seen on barium studies. Small infiltrative or 
ulcerative tumors maybe missed in the normally nod- 
ular surface of the palatine tonsils. Tonsillar tumors 
spread to the soft palate, base of tongue and posterior 
pharyngeal wall. Cervical nodal metastases are found 
in one-half of patients (Balfe and Heiken 1986). 





Fig. 4.2.29a, b. Radiographic findings of pharyngeal cancer and the value of obtaining multiple projections, a Frontal view of 
the pharynx shows a few barium-etched nodules in the upper hypopharynx (arrow). Aspirated barium coats the false and true 
vocal cords. There is moderate stasis in the hypopharynx. b Lateral view demonstrates a large mass arising from the posterior 
pharyngeal wall as the explanation for the subtle mucosal nodularity seen on the frontal view. The mass if manifested as loss of 
the normal contour and soft tissue density partially replacing the air shadow of the lower oropharynx and upper hypopharynx 
(large arrows ), barium etched lines within the lumen (thin arrows) and focal mucosal nodularity (open arrow). Barium coating 
the laryngeal vestibule and upper trachea and stasis in the lower hypopharynx is the result of pharyngeal dysmotility (a and b 
reproduced with permission from Rubesin SE, Glick SN (1988) The tailored double-contrast pharyngogram. Crit Rev Diagn 
Imaging 28:133-179, Fig. 30a and 30b) 




Fig. 4.2.30a, b. a Spot radiographs vs. dynamic imaging in patient with large supraglottic carcinoma. Image obtained during 
dynamic imaging shows lack of epiglottic tilt (black arrow) and probable epiglottic enlargement. Barium enters the laryngeal 
vestibule (white arrow) during swallowing, with subsequent coating of the laryngeal ventricle and trachea, b Spot radiograph 
demonstrates massive enlargement of the epiglottis (arrows). The epiglottic mucosa is markedly nodular. These images show 
how spot radiographs demonstrate morphology better than dynamic images, but dynamic images demonstrate motility (Repro- 
duced with permission from Rubesin SE (1991) Pharyngeal dysfunction. In Gore RM (ed) Categorical course on gastrointes- 
tinal radiology. Reston, VA, American College of Radiology, pp. 1-9. Fig. 11c and lid) 
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Fig. 4.2.31a, b. Mucosal nodularity as a sign of cancer, a Frontal view shows diffuse narrowing of the lumen ( arrows ) of the lower 
hypopharynx, pharyngoesophageal segment and upper cervical esophagus. The normal tips of the piriform sinuses are obliter- 
ated. b Lateral view obtained during patient drinking shows numerous radiolucent nodules ( representative nodules identified by 
arrows ) in the barium bolus. The tumor involves base of tongue, the anterior wall of the laryngeal vestibule, the entire glottis, 
the anterior wall of the lower hypopharynx 



Squamous cell cancers of the base of the tongue 
often present as deeply infiltrative, advanced lesions 
with nodal metastases (Frazell and Lucas 1962; 
Strong 1979). Lymph node metastases are detected 
ipsilaterally or bilaterally in more than 70% of 
patients. Exophytic lesions protrude into the oropha- 
ryngeal airspace (Jiminez 1970; Apter et al. 1984). 
Ulcerated lesions appear as irregular barium collec- 
tions extending deep to the expected contour of the 
base of the tongue. Tumor spreads to the palatine 
tonsil, valleculae, or pharyngoepiglottic fold. Small 
plaque-like or ulcerative lesions may be hidden in 
the valleculae or in the recess between the tongue 
and tonsil. 

Supraglottic carcinomas are tumors that arise in the 
epiglottis (see Fig. 4.2.30), aryepiglottic folds, mucosa 
overlying the muscular processes of the arytenoid car- 
tilages (see Fig. 4.2.32), false vocal cords and laryngeal 
ventricles. Supraglottic carcinomas spread rapidly 
through the rich lymphatic network of the supraglot- 
tic space. Ulcerative lesions penetrate the tongue, val- 
leculae, and pre-epiglottic space, pharyngoepiglottic 
folds and lateral pharyngeal walls (Seaman 1974). 



A paucity of lymphatics near the true vocal cords 
limits the spread of supraglottic tumors through the 
laryngeal ventricles into the true vocal folds. Cervi- 
cal lymph node metastases are found in 30-50% of 
patients (Balfe and Heiken 1986; Kirchner and 
Owen 1977). 

Piriform sinus carcinomas are bulky, exophytic 
lesions that spread quickly and metastasize widely. 
Medial wall tumors spread to the aryepiglottic fold, 
arytenoid and cricoid cartilages, and the paraglottic 
space (Jing 1970; Johnson 1995). Lateral wall tumors 
(see Fig. 4.2.33) may invade the thyrohyoid mem- 
brane, thyroid cartilage, and soft tissues of the neck, 
including the carotid sheath (Zbaren and Egger 
1997). Lymph node metastases are found in 70-80% 
of patients (Balfe and Heiken 1986; Silver 1972). 

Carcinomas of the posterior pharyngeal wall are 
typically long fungating lesions that may spread ver- 
tically into the nasopharynx or cervical esophagus. 
Jugular or retropharyngeal lymphatic metastases are 
found in 50% of patients (Carpenter et al. 1976). 

Post cricoid squamous cell carcinomas are uncom- 
mon, annular, infiltrating lesions that may extend into 
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Fig. 4.2.32a-c. a Value of spot radiographs. Frontal view obtained at the end 
of bolus passage through the pharynx shows diminished epiglottic tilt on 
the right (arrow), b, c. Spot radiographs obtained in frontal (b) and slight 
right posterior oblique (c) position shows moderate thickening of the right 
aryepiglottic fold ( arrowheads ), mild enlargement and tumor nodularity 
involving the mucosa overlying the muscular process of the right arytenoid 
cartilage (open arrow) (a, b, c reproduced with permission from Rubesin 
SE, Pharyngeal dysfunction. In Gore RM (ed) (1991) Categorical course 
on gastrointestinal radiology. Reston, VA, American College of Radiology, 
1-9, Fig. 12a, 12b, 12c) 



the hypopharynxor cervical esophagus (see Fig. 4.2.28). 
In Scandinavia, these are the tumors that have been 
associated with Plummer- Vinson syndrome. 

4.2.53 

Lymphoma 

Lymphomas comprise about 10% of pharyngeal 
malignancies (Banfi et al. 1970). Almost all pha- 
ryngeal lymphomas are non-Hodgkin’s lymphoma, 
arising in the palatine or lingual tonsils or the ade- 
noids. Pharyngeal involvement in Hodgkin’s disease 
occurs in only 1-2% of patients, despite the fact that 
Hodgkin’s disease often begins in cervical lymph 
nodes (Todd and Michaels 1974). 



Lymphoma of the pharynx occurs in the palatine 
tonsils in 40-60% of patients, the nasopharynx in 
18-28%, and the base of the tongue in 10% (Hyams 
et al. 1988; Al-Saleem et al. 1970). Multiple sites 
of involvement are seen in 25% of patients. Fifteen 
percent of patients have bilateral palatine tonsillar 
involvement (Banfi et al. 1970). Lymphomas only 
rarely arise in the hypopharynx. At the time of initial 
diagnosis, the cervical lymph nodes are involved in 
60% of patients, and 10% of patients have extranodal 
involvement. 

Pharyngeal lymphomas typically appear as large, 
lobulated masses involving the nasopharynx, pala- 
tine tonsil (Fig. 4.2.35), base of tongue, or a com- 
bination of these locations (Fig. 4.2.36) (Hyams et 
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Fig. 4.2.33a, b. Early squamous cell carcinoma manifested as tumor nodularity, a Frontal view shows subtle, focal nodularity 
( arrows ) in the lower right piriform sinus, b Lateral view demonstrates a focal are of nodularity along the anterior wall of the 
hypopharynx (arrows). This 64-year-old woman had a tip of the tongue squamous cell carcinoma and was being studied to 
exclude an esophageal carcinoma prior to surgery (a and b reproduced with permission from Levine MS, Rubesin SE (1990) 
Update on esophageal radiology. AJR 155:933-941, Fig. 4) 




Fig. 4.2.34. Recurrent squamous cell carcinoma two years after total laryngectomy and radiation therapy, a Frontal view shows 
large nodules ( arrows ) altering the normally smooth contour of the neopharyngeal tube, b Lateral view shows a mass (arrows) 
etched-in-white by barium just below the level of the neovalleculae. The posterior neopharyngeal wall is poorly coated by 
barium 
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Fig. 4.2.35a-c. Lymphoma of pharynx and the value of phonation. a Frontal view shows a soft tissue mass ( arrows ) obliterat- 
ing the right oropharyngeal wall, b Lateral view shows a soft tissue mass ( arrows ) in the oropharynx, c Lateral view obtained 
after instillation of 1 ml barium into each naris, and having the patient phonate Eeee . . . The mass ( large arrows ) has a smooth 
surface inferiorly and a central ring ( small arrow) demarcating an empty ulcer. The mass is clearly separated from the base 
of the tongue by the patient’s phonation. Tumor extension into the soft palate and posterior pharyngeal wall is manifested as 
enlargement and nodularity of the soft palate (s) and enlargement of the retropharyngeal space and nodularity of its surface 
( double arrows) (Reproduced with permission from Levine MS, Rubesin SE (1990) Radiologic investigation of dysphagia. 
AJR 154:1152-1163) 





b 



Fig. 4.2.36a, b Lymphoma of tongue and right palatine tonsil, a Frontal view shows a mass ( arrows ) manifested by increased 
soft tissue density and tumor nodularity, b Right posterior oblique view shows tumor nodularity en face involving the right 
palatine fossa ( small arrows) and base of the tongue ( large arrow) 
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Fig. 4.2.37. Adenocarcinoma of base of tongue. Lateral view 
shows obliteration of the valleculae (arrow) and nodularity of 
the base of tongue (arrowheads). Barium coating the laryngeal 
vestibule and ventricle resulted from absent epiglottic tilt. The 
tumor presumptively arose in submucosal glands in the base 
of the tongue (Reproduced with permission from Rubesin SE. 
Structural abnormalities. In Gore RM, Levine MS, Laufer I 
(1994) Textbook of Gastrointestinal Radiology. Philadelphia, 
WB Saunders, pp. 244-276, Fig. 17-37) 




Fig. 4.2.38. Kaposi sarcoma. Lateral view shows a relatively 
smooth-surfaced mass (arrows) in the air space of the upper 
hypopharynx (Courtesy of Dean D.T. Maglinte, M.D., Univer- 
sity of Indiana) 



al. 1988; Rubesin 2000c). The bulging submucosal 
masses obliterate normal lymphoid follicular pat- 
tern of the base of the tongue or palatine tonsil 
(Rubesin 2000c). 

4.2.5A 

Other Malignant Tumors 

The minor mucoserous salivary glands scattered 
deep to the epithelial layer of the pharynx give rise 
to tumors of diverse histology and clinical course. 
Most (65-88%) minor salivary gland tumors are 
malignant (Spiro et al. 1973; Conley and Dingman 
1974). The most frequent malignant minor salivary 
tumors are adenoid cystic carcinoma (35%), solid 
adenocarcinoma (22%) (Fig. 4.2.37), and mucoepi- 
dermoid carcinoma (16%) (Spiro et al. 1973). Most 
pharyngeal minor salivary tumors arise in the soft 
palate. Palatal salivary gland tumors spread directly 
to the tongue, submandibular gland, mandible, and 
lingual and hypoglossal nerves. Adenoid cystic carci- 
noma typically spreads via a perineural route. Cervi- 



cal metastases are infrequent, occurring in 23% of 
patients with malignant minor salivary tumors. 

Synovial sarcomas of the pharynx are extremely 
rare (Krugman et al. 1973). These lesions are large, 
bulky tumors involving the larynx, pharynx and soft 
tissues of the neck (Gatti et al. 1975). 

Kaposi sarcoma may detected in the pharynx in 
patients with AIDS. Kaposi sarcoma has a wide range 
of radiographic appearances, including small nod- 
ules, plaque-like lesions, small submucosal masses 
with or without central ulceration or larger polypoid 
masses (Fig. 4.2.38) (Emery et al. 1986). 

The pharynx may be invaded by a variety of tumors 
arising in the laryngeal cartilages, most frequently the 
cricoid cartilage. These cartilaginous tumors include 
chondroma, osteochondroma and chondrosarcoma 
(Huizenga and Balogh 1970). Radiographically, the 
lower hypopharynx and pharyngoesophageal segment 
is compressed by a smooth-surfaced mass arising in 
the posterior lamina of the cricoid cartilage. In more 
than 80% of patients, stippled calcification is detected 
centrally or peripherally (Hyams et al. 1988). 
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4.3.1 

Introduction 

Dysphagia is the subjective awareness of swallowing 
difficulties. A normal swallow is the smoothly coordi- 
nated transportation of a bolus from the oral cavity, 
through the pharynx and esophagus, into the stom- 
ach. When normal it is the combination of voluntary, 
automatic and autonomic functions (Miller 1986). 
Abnormalities in the oral cavity, pharynx and esoph- 
agus may hamper normal swallow, as may impair- 
ment of the neurologic control (Bosma et al. 1986; 
Buchholz et al. 1985; Gordon et al. 1987). Swallow- 
ing complaints are common, especially in hospitalized 
patients. Several studies have reported up to 30% of 
these populations to suffer from dysphagia (Groher 
and Bukatman 1986; Lindgren and Janzon 1991). 

In the examination of the dysphagic patient sev- 
eral diagnostic modalities are available. The clinical 
and neurological examination is important, followed 
by radiographic and/or endoscopic examination for 
assessment of morphological changes (Dodds et al. 
1990; Ekberg and Wahlgren 1985). When this is 
ruled out, more functional investigations come into 
place, such as dynamic barium swallow, pH moni- 
toring, manometry, scintigraphy, ultrasound and 
electromyography. 
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Dynamic cine- and videoradiography of pharyn- 
geal barium swallow provides morphological as well 
as qualitative functional information of the swallow- 
ing sequence (Ekberg 1987; Ekberg and Nylander 
1982). However, dynamic barium swallow relies 
mainly on functional qualitative judgment, failing to 
quantify the results. This is for example the case when 
trying to assess pharyngeal paresis in terms of degree 
of barium retention in the pharynx. 

In this context, pharyngeal manometry is capable 
of providing a more quantitative analysis of pharyn- 
geal muscle function in terms of intraluminal pres- 
sure registration. Concurrent barium swallow and 
pharyngeal manometry combines the qualitative 
assessment of bolus transport with quantitative reg- 
istration of the contractions of the pharyngeal wall. 

The previously described results with combined 
manometry and videoradiography in the literature are 
promising. Recent advances in manometric technol- 
ogy together with computer analysis of the data have 
facilitated pharyngeal manometry and the combined 
technique has been advocated by several authors. 



4.3.2 

Manometry 

Pressure is the force acting perpendicular to an 
area. Physiological pressures are usually expressed 
in millimetres of mercury (mm Hg). Many other 
pressure units are available, for example Pascal (Pa), 
Newton/m^, cm of H 2 O. Manometry records intra- 
luminal pressure activity and detects and quantifies 
changes in intraluminal pressures that in the phar- 
ynx are caused by contractions of the muscles of the 
gullet. Such intraluminal pressures can be described 
as either contact pressures, when the manometric 
sensor is in direct contact with the pharyngeal wall, 
or cavity pressures when the sensor is completely 
surrounded by air or fluid. The latter is also called 
intrabolus pressure (Brasseur 1987; Brasseur and 
Dodds 1991). 
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Intraluminal esophageal manometry has been used 
extensively as a test of esophageal function for more 
than 100 years (Kronecker and Meltzer 1883). In the 
early history of manometry, pressures were obtained by 
means of static water-filled catheters within the esopha- 
gus. Around 20 years ago the development of low-com- 
pliance perfusion systems contributed to more accurate 
measurements of intraluminal pressure and motility 
(Arndorfer et al. 1977). The continuous perfusion 
prevented occlusion of the sensors. 

Solid-state intraluminal transducers have developed 
during the last decade and have further improved the 
manometric accuracy (Castell and Castell 1993). 
These sensors are located on the catheter and can be 
placed in the gullet with direct measurement on the 
site of interest. 

Together with the advances in computer technol- 
ogy, analysis and storage of manometric data have 
been facilitated. 



4 . 3 . 3 . 

Pharyngeal Manometry 

Pharyngeal manometry is a less frequently used tech- 
nique with difficulties in pressure recording because 
of the rapid pharyngeal swallowing sequence, as well 
as the movement of the soft palate and the larynx and 
also the radial asymmetry of intraluminal contact 
pressure (Welch et al. 1979; Winans 1972). Perfused 
manometry is not suitable in the pharynx because of 
the continuous flow that will trigger swallows. 

Furthermore, perfused manometry has to be per- 
formed in a supine position because of the need to 
calibrate the sensors at the same level. Pharyngeal 
manometry in an upright physiologic position, with 
accurate recording technique, makes solid-state 
manometry a prerequisite in pharyngeal manometry 
(Orlowski et al. 1982). 

Manometric evaluation of the pharynx with solid- 
state manometry and computerized analysis has been 
described in several papers from Don Castell and his 
group in Philadelphia (Castell and Castell 1993; 
Castell et al. 1993; Castell et al. 1990). They have 
thoroughly described the difficulties in pharyngeal 
manometry due to the rapid contractions of the stri- 
ated muscles in the pharynx and the radial asymmetry 
with higher pressure in the antero-posterior direction. 
This group has also reported normal values in pha- 
ryngeal manometry in terms of contraction and relax- 
ation but also in timing and coordination between 
events during pharyngeal swallow. 



We have established normal values in pharyngeal 
manometry with simultaneous videoradiography 
and fluoroscopic control of sensor positioning 
(Olsson et al. 1995a) (Figs. 4.3.1 and 4.3.2). We 
included 25 non-dysphagic volunteers with normal 
videoradiographic parameters in this study. The 
examination was performed in an upright physi- 
ologic position during 10-ml barium and dry swal- 
lows. Mean resting pressure in the upper esophageal 
sphincter was 90±33 (±2 SD) mm Hg. Mean residual 
pressure during relaxation of the upper esopha- 
geal sphincter was 7.2±8.0 (±2 SD) mm Hg during 
barium swallow and 3.8±6.2 (±2 SD) mm Hg during 
dry swallow. The mean duration of upper esophageal 
sphincter relaxation was 601 ±248 (±2 SD) ms. 

The mean peristaltic contraction of the upper 
esophageal sphincter was 254±143 (±2 SD) mm Hg. 
Fourteen (56 %) of the 25 had a measurable intra- 
bolus pressure (mean 33±17 mm Hg) at the level of 
the inferior pharyngeal constrictor. 

A specific finding was discovered when the epi- 
glottis tilts down hitting the manometric sensor. 
This epiglottic tilt was identified in seven subjects 
(28%) and caused pressures around 600 mm Hg. A 
standardized manometric technique is important in 
videomanometry and normal values as described in 
this study are essential in clinical use. 



4 . 3 . 4 . 

Technical Considerations in Pharyngeal 
Manometry 

Pharyngeal pressures are usually expressed in mil- 
limetres of mercury (Hg) and they are normally 
expressed relative to atmospheric pressure. Changes 
in atmospheric pressure seldom have an effect on 
physiological pressures but calibration and estab- 
lishing a “zero” pressure is necessary to achieve 
reproducible and comparative data. 

In 1982 Orlowski described the requirements 
for accurate recording of pharyngeal pressures. He 
studied the frequency characteristics of pharyngeal 
pressure complexes in normal subjects and found a 
recording accuracy of up to 48 Hz needed for high 
fidelity recorded in the pharynx. Frequency content 
of upper esophageal pressure has also been reported 
by Ask (1979). 

A low compliance perfusion system has a band- 
width of approximately only 23 Hz (Ask et al. 1979). 
Orlowski et al. (1982) concluded that solid-state 
sensors are needed in pharyngeal manometry. 
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Fig 4.3.1. Pharyngeal manometry with a solid 
state manometry catheter in the pharynx. The 
distal sensor is positioned in the upper esopha- 
geal sphincter 



Furthermore, the mechanical recording pens of 
a polygraph record only to a frequency of 20-40 Hz 
(Stef et al. 1974). Thus, a computerized recording 
system is needed to faithfully register frequencies up 
to 48 Hz. 

In upper esophageal sphincter manometry, dis- 
placement of the manometric sensor is a problem 
due to the movement of the anatomical structures 
during swallowing. The Dent sleeve (Dent 1976) is a 
6-cm long sensor developed to measure the sphincter 
pressure in spite of sphincter movement. The sleeve 
is, however, perfused and the recording accuracy is 
not in line with solid-state technique. Another draw- 
back with the sleeve is the risk of underestimating 
sphincter relaxation duration due to the oncoming 
peristaltic contraction at the top of the sleeve. 

We have also studied the movements of the soft 
palate and the larynx, which are crucial in pharyn- 
geal manometry because of the potential risk of 
manometry sensor dislocation (Olsson et al. 1994a). 
A total of 20 dysphagic patients and 20 non-dys- 
phagic volunteers were examined with simultane- 
ous videoradiography and intraluminal pharyngeal 
solid-state manometry. 



Fig 4.3.2. A manometric tracing from a normal pharyngeal swallow. A, pha- 
ryngeal peak pressure at the tongue-base level; B , pharyngeal peak pressure 
at the level of the inferior pharyngeal constrictor; C, intrabolus pressure; D, 
UES relaxation pressure; E,F , UES relaxation duration 



The movements of the manometric sensors were 
analysed from lateral video recording. Two different 
types of catheter movement were found. The sensor in 
the upper esophageal sphincter could either be lifted 
cranially during the closure of the soft palate (type 1) 
or stay unaltered in the sphincter until the beginning 
of the laryngeal elevation and then follow the sphincter 
cranially during laryngeal elevation with no previous 
response to soft palate closure (type 2). Type 1 move- 
ment was found in eight out of 20 patients but in only 
one of the 20 volunteers. The resting pressure of the 
upper esophageal sphincter was significantly higher 
in type 2 (p= 0.004). A total of 19 out of 20 participants 
with a high resting pressure of the upper esophageal 
sphincter (above 83 mm Hg) were found to have the 
type 2 movement. 



4 . 3 . 5 . 

Contact and Cavity Pressures 
in the Pharynx 

Contact pressure is defined when the manometric 
sensor is in direct contact with the pharyngeal wall 
with direct contact force on the sensor membrane. 
Such contact pressure is relatively easy to define and 
measure, as long as the recording device is prop- 
erly calibrated and meets the previously described 
requirements of pharyngeal manometry (Brasseur 
1987; Brasseur and Dodds 1991). 
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Cavity pressures are defined when the manomet- 
ric sensor is completely surrounded by air or fluid. 
When the sensor is surrounded by air, for example 
in the oropharynx, the pressure should be equal to 
atmospheric pressure, if proper calibration is done. 
The pressure should then be zero (0 mm Hg). 

Another cavity pressure occurs when the sensor 
is completely surrounded by fluid when swallowing. 
This pressure is called hydrodynamic pressure or 
synonymously intrabolus pressure. In a static fluid 
the pressure is the same at all levels. The pressure in 
a static fluid will increase with gravity, that means a 
pressure increase proportional to the depth of the 
sensor in the fluid. The density of the fluid will also 
affect the static intrabolus pressure. 

In a fluid with flow, however, many different fac- 
tors become important. This type of intrabolus pres- 
sure is very difficult to define and standardise in an 
exact and reproducible way. The cause of the flow 
will be a pressure gradient from one place to another 
within the fluid. The frictional resistance and the 
fluid acceleration are important. Furthermore, the 
elasticity of the walls and the viscosity of the fluid 
has to be considered. 

The viscosity can be explained as the friction 
within the fluid. The units are Ns/m 2 or cp (centi- 
poise) where 1 cp=lxl0" 3 Ns/m 2 . The density of a 
fluid is also important (p=kg/m 3 ). 

The rheological properties of the fluid in terms of 
turbulent or laminar flow are also important. 

In a laboratory model we have shown that the 
intrabolus pressure was dependent on position of 
the manometric sensor, degree of lumen narrowing, 
bolus volume, flow rate and fluid viscosity (Olsson 
et al. 1994b). 

We have also elucidated elevated intrabolus pres- 
sure above a cricopharyngeal narrowing in a study 
of 16 patients with cricopharyngeal (CP) bars com- 
pared to a control group of 16 patients without CP 
bars (Olsson and Ekberg 1995). The patients with 
CP bars showed significantly wider PES (pharyngo- 
esophageal segment) above and below the cricopha- 
ryngeal muscle and the contraction pressure within 
the inferior pharyngeal constrictor was significantly 
weaker in patients with CP bars. These findings sug- 
gested that the cricopharyngeal indentation is due 
to weak constrictors with outpouching of the gullet 
above and below the cricopharyngeal muscle. The 
cricopharyngeal muscle showed no abnormalities in 
terms of resting pressure, relaxation and contraction 
pressure. Furthermore there was no significant dif- 
ference in intrabolus pressure, neither above nor at 
the level of the cricopharyngeal muscle. 



4 . 3 . 6 . 

Simultaneous Examination 

The combination of simultaneous videoradiography 
and intraluminal manometry provides fluoroscopic 
control of sensor positioning and allows for pressure 
recording and analysis with respect to bolus trans- 
port. It combines movement analysis with pressure 
recordings. 

When solid-state sensors are used the technique can 
be performed in an upright, physiologic position with 
the patient comfortably seated without the discomfort 
of swallowing supine and without the discomfort of the 
continuous flow of perfused manometry (Fig 4.3.3). 

The history of simultaneous examinations goes 
back to 1955 when Fyke and Code measured pharyn- 
geal pressure with a micro-tip transducer fitted on a 
gastric tube. He used simultaneous cineradiography 
but the manometric recordings were made with a 
galvanometer and a polygraph. In 1957 Atkinson et 
al. took rapid serial radiographs during pharyngeal 
manometry with perfused technique. In 1966 Sokol 
and colleagues reported their experience with simul- 
taneous cineradiography and perfused intraluminal 
manometry of the pharynx. 

In 1985 Isberg et al. reported solid-state manom- 
etry with the Gaeltec sensors and simultaneous cine- 
radiography. They studied movement of the UES and 
the manometric device in nine healthy volunteers. 
They found an upward movement of the manometry 
catheter that correlated to the elevation of the soft 
palate. The pressure was recorded on a polygraph. 

In 1987 Mendelsohn and McConnel described 
a simultaneous technique with perfused manom- 




Fig 4.3.3. Simultaneous videoradiography and solid-state 
intraluminal manometry during barium swallow. The pressure 
registration is displayed on the video screen and also registered 
on the computer. The subject is comfortably seated and fluoros- 
copy is performed in a lateral projection 
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etry and in 1988 McConnel and also Cerenko et 
al. (1989) described simultaneous fluoroscopy and 
solid-state manometry. McConnel called the tech- 
nique manofluorography. 

In 1989 JACOB et al. used solid-state manometry 
and simultaneous videoradiography with polygraph 
recording to study the UES in eight volunteers. This 
was a thorough study of UES opening and volume 
dependent variables such as intrabolus pressure and 
opening duration. 

Also in 1989 Cook et al. described the simultaneous 
technique in two studies involving healthy volunteers. 
They used solid-state sensors but a conventional eight- 
channel polygraph. This was a study of the upper 
esophageal sphincter where they concluded that UES 
opening involves sphincter relaxation, anterior laryn- 
geal traction and intrabolus pressure. They also found 
volume dependent changes in UES dimensions and 
UES timing indicating a sensory feedback mechanism 
generated by the brain stem swallow centres. 

In 1990 Dantas et al. from the same research 
group as Cook used the technique in six patients 
with cricopharyngeal bars. They found normal con- 
tact pressures in the pharynx but increased upstream 
intrabolus pressure. They have also studied different 
bolus variables with this technique (Dantas 1989). 

A high-density barium preparation increased the 
intrabolus pressure as well as the UES opening dura- 
tion and anterior hyoid movement. All these studies 
used the Gaeltec solid-state catheter but recorded 
on an ordinary polygraph without computerized 
analysis. 

In 1992 Shaker et al. used the perfused sleeve 
device concurrent with videoradiography to study 
the esophagoglottal closure reflex. They concluded 
that esophageal distension by air or balloon evokes 
a glottal closure mechanism suggesting the existence 
of an esophagoglottal reflex. 

In 1993 Ren et al. used perfused manometry con- 
current with videofluoroscopy in a study of intra- 
bolus pressure and concluded that intrabolus pres- 
sure can serve as an indicator of the forces resisting 
peristaltic transport. They called the technique 
videofluoromanometry. In 1993 Ergun et al. used 
the simultaneous technique in eight volunteers. They 
argued strongly for the use of fluoroscopic sensor 
positioning when performing pharyngeal timing 
studies. They used solid-state sensors and video 
recording but polygraph registration without com- 
puter. In 1994 Dejaeger et al. used manofluorogra- 
phy to analyse swallowing in the elderly This study 
used solid-state technique and video recording but 
also a conventional polygraph. 



In an other study we examined 19 patients (12 males, 
seven females, mean age 47, range 19-69) with pharyn- 
geal dysphagia but a normal barium swallow and com- 
pared them to normal volunteers (Olsson et al. 1995). 
The patient group showed statistically significant differ- 
ences for eight out of ten manometric variables. 

We found manometric abnormalities that might 
contribute to dysphagia: five with high UES resting 
pressure, five with high UES residual pressure, three 
with weak pharyngeal contractions, seven with pro- 
longed contraction/relaxation time and seven with 
incoordination. 

The conclusion of this study was that manometry 
could provide additional information in the diagno- 
sis of dysphagia patients. 

We have also studied patients with penetration of 
barium into the larynx during swallowing (Olsson 
et al. 1998). Videomanometry revealed an increased 
frequency of manometric abnormalities in patients 
with penetration. There was however no specific 
finding and a multitude of abnormalities was found 
with no association between manometric pathology 
and the degree of barium penetration. 

In patients with pharyngeal retention we found a 
significantly lower laryngeal elevation indicating the 
importance of pharyngeal shortening in the swallow- 
ing sequence (Olsson et al. 1997). 



4 . 3 . 7 . 

Conclusion 

Simultaneous videoradiography and pharyngeal 
solid state manometry provides qualitative and quan- 
titative information by assessing bolus transport and 
intraluminal pharyngeal pressures combined. It can 
be performed with the subject seated in an upright 
physiologic swallowing position during fluoroscopy 
in a gastrointestinal radiology laboratory 

Our experience is that the most complete under- 
standing of bolus transport requires both manomet- 
ric and radiographic input and that concurrent radi- 
ography and manometry will play a more prominent 
role in the future. 
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4.4.1 

Introduction 

Considerable progress has been made in the past few 
years in the diagnosis and treatment of swallowing 
disorders of neurological, anatomic or vascular origin. 
The treatment has been expanded to include patients 
with cancer and others with a rather limited time prog- 
nosis (Blitzer 1985; Cantarella 1998; Denk et al. 
1997; Groher 1992; Hannig and Wuttge-Hannig 
1987, 1999; Hannig et al. 1989; Wuttge-Hannig 
and Hannig 1999; Lazarus et al. 2000; Leonard et 
al. 2001; Logemann et al. 1994). 

This chapter will deal with patients who have 
undergone ear, nose and throat (ENT) surgery, minor 
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or extensive, and/or radio-, chemo- and the more 
recent use of radioimmunotherapy and gamma- 
knife therapy etc., including the sequelae of therapy 
(Eisbruch et al. 2002; Furia et al. 2000). 

The development in recent years of newer diag- 
nostic and therapeutic modalities, including com- 
bined surgical and chemotherapeutic and radiother- 
apeutic schemes resulting in cure or remission even 
in advanced tumour stages, prompted the urgency 
to be aware and recognise swallowing complica- 
tions before sequelae such as aspiration pneumonia 
become apparent (Hannig et al. 1995a, 1991; Jung 
and Adams 1980; Walther et al. 1990). 

The differentiation between anatomical causes and 
functional origins related to sensory disturbances 
which often occur a year or two following the original 
treatment requires precise analysis in order to initiate 
appropriate therapy (Hannig and Wuttge-Hannig 
1999; Wuttge-Hannig and Hannig 1995). It is also 
important to exclude submucosal spread of tumour, 
which may escape endoscopic detection (Wuttge- 
Hannig et al. 2001). Late consequences of subcutane- 
ous and muscular fibrosis may occur resulting in the 
restriction of the antero-superior movement of the 
larynx during swallowing (Hannig 1995). 

4.4.2 

Altered Anatomy Following Laryngectomy 

Dysphagia is often the result of the altered anatomy 
following surgery such as laryngectomy, whereby 
separation of the larynx from the anterior pharyn- 
geal wall produces a so-called pharyngeal tube seen 
especially in wider resections of pharyngeal struc- 
tures. The configuration and diameter of the pharyn- 
geal tube can vary with different surgical and sewing 
methods producing wide morphological variations 
in the radiological appearance (Hannig et al. 1994, 
1996; Hannig 1995; Jung and Adams 1980; Martin 
et al. 1993) (Fig 4.4.1). 

The medical literature reports 15%-20% of dys- 
phagia in partial and total laryngectomized patients 
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Fig. 4.4.1. Normal post-surgical anatomy of the pharyngeal 
tube after total laryngectomy. The pseudoglottis is seen as a 
circular narrowing 

(Di Santis et al. 1983; Hannig 1995). In our own, 
312 patients treated for laryngeal cancer, 37% com- 
plained of dysphagia and 19% of an annoying globus 
sensation. The higher incidence in our patients is 
probably due to stricter pre-selection of our inter- 
disciplinary group, a heightened awareness as well as 
better patient education and compliance. 

Post-therapeutic dysphagia following laryngec- 
tomy may be caused by the following pathology: 

1) Tumour recurrence (Fig. 4.4.2) 

2) Scarring and benign stenosis (Fig. 4.4.3) 

3) Functional disorder of the “pharyngeal tube” and 
the pharyngo-esophageal transit zone (pseudo- 
glottis) (Fig. 4.4.4) 

Functional disorders are difficult to diagnose with 
video-endoscopy or conventional radiological pro- 
cedures but require observation of the dynamics of 
swallowing and analysis of the altered motility of the 
post-surgical laryngo -pharynx. This is the only way 




Fig. 4.4.2. Laryngectomy. Tumour recurrence with stenosis of 
the pharyngeal tube 



to differentiate between functional changes due to 
tumour recurrence or scarring. 

4.4.2. 1 

Adapted Physiology of Swallowing 

During the pharyngeal phase of swallowing, the 
force of the dorsal and lateral wave, the counterbal- 
ance of the larynx, the tongue-base combined with 
the occlusion of the soft palate maintain the pressure 
needed to compress and move the bolus of food. The 
anatomic loss of soft tissue material causes important 
disturbances in the propulsion of the bolus (Dodds 
et al. 1975; Gates 1980; Gay et al. 1984; Hannig 
1995). Surgical resection of part of the tongue-base 
or floor of the mouth is a frequent cause of poor 
bolus preparation and compression in the oral cavity, 
thus hindering the trigger for an adequate swallow- 
ing reflex. The normal swallowing reflex is effected 
by an “input summation” needed to reach a critical 
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Fig. 4.4.3. Web due to scarring after radiation-therapy 



Fig. 4.4.4. Laryngectomy. Hypertrophic pseudoglottis with 
obstruction of the bolus transport 



limit (Kennedy and Kent 1988). This limit is rarely 
reached in patients treated for an oral-cavity carci- 
noma, therefore delaying the trigger in the second- 
ary (valleculae) or tertiary area (piriform sinuses) or 
even quaternary area (laryngeal vestibule). Mucositis 
and mucosal atrophy due to radiation treatment can 
also cause trigger delay or absence. The restoration 
of the mucosal tissue integrity in the pharynx may 
restore the normal trigger but is frequently incom- 
plete because of the rather permanent xerostomia. 
It may take 2-3 years of post-radiological treatment 
for restoration of the integrity of the mucosa. After 
combined radio-chemo treatment it may never be 
restored. In the latter patients, lesions in the trigger 
system occur in the receptors rather than the afferent 
limb of the loop (Fig. 4.4.5). 

Children with a cleft palate present a special group 
of patients (Bosma et al. 1966; Isberg et al. 1990; 
Ren et al. 1993; Rubesin et al. 1987) (Fig. 4.4.6). The 
maturation of the swallowing reflex, which in nursing 
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Fig. 4.4.6. Infantile pharynx with short distance between the 
base of the tongue and the laryngeal vestibule 



children occurs in the secondary area (the vallecu- 
lae), cannot be brought up in time to the first area 
as is the case in adults, namely the arch of the fauces 
and dorsal pharyngeal wall, because the pressure 
generation in the oropharynx is inadequate. The lack 
of counter-balance of the soft palate during swallow- 
ing may cause a compensatory downward movement 
by the tongue-base in order to propagate the bolus 
into the pharynx. 

A unilateral incision of the pharynx causes like- 
wise lack of propagation and transport of the bolus 
retaining part of the bolus in the ipsilateral vallecula 
and piriform sinus. The most serious motility change 
occurs as a result of resection of the larynx and the 
resulting motility changes of the “neopharynx” 
referred to as the “pharyngeal tube” (Fig. 4.4.7). In 
such patients even a hypertonic dorsal wave is inca- 
pable of producing a competent peristaltic wave. The 
pharyngeal pressure generation is not sufficient to 
passively open the upper esophageal sphincter (UES). 
We demonstrated that in patients with a hypotonic 
wave and a normal UES at least 40 mm Hg manomet- 
ric pressure is needed for the passive opening of the 
dissected pharyngo-esophageal segment. 

4A.2.2 

Adaptation Methodology 

In our swallowing-impaired patients we use an iso- 
osmolar iodine solution (Isovist® -Iotrolan which 
causes no lung damage in case of aspiration. (The 



hyperosmolar preparations may cause pulmonary 
oedema) (Hannig et al. 1994; Hannig 1995). The 
contrast medium is mixed with the type of food that 
causes the swallowing difficulty. This can be solid, 
semi-solid, crumbly or liquid. 

In patients after surgery for a cleft palate or follow- 
ing partial or complete laryngectomy we also have 
the patient perform different sounds and vocals, such 
as “coca-cola”, “in the garden grows an apple tree”, 
“kakadu”. The elasticity of the pharynx and larynx is 
tested by the use of Valsalva (Fig. 4.4.8) and Mueller 
manoeuvres producing a maximal distension or col- 
lapse of the pharynx. This allows us to check for an 
occult neoplastic process of scarring. 

4.4.23 

Morphological and Functional Swallowing 
Abnormalities 

A wide variety of morphological and functional 
swallowing abnormalities can be seen following ENT 
neoplasm surgery. The causes vary with the differ- 
ent types of surgery. Oral, pharyngeal, laryngeal and 
thyroid neoplasms are treated with a variety of pro- 
cedures ranging from laser excision, wide resection, 
horizontal and transverse pharyngeal resection, par- 
tial or total laryngectomy or thyroidectomy, includ- 
ing combinations of therapy with or without hyper- 




Fig. 4.4.7. Laryngectomy. Motor disturbance of the dorsal 
pharyngeal wall with diverticulum between the middle and 
inferior constrictors 
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thermia present with different forms of dysphagia. 
Post-therapeutic changes related to vascular surgery 
of the neck, combinations of chemo- and radiation 
treatment may also result in dysphagia. 

4.4.2A 

Laryngectomy 

The incidence of dysphagia and globus pharyngis fol- 
lowing total laryngectomy is around 50% and rises 
with additional radiotherapy. Radiotherapy alone 
causes less of the latter but causes more frequently 
loss of sensation resulting in “trigger” delay. The dis- 
placement of the larynx results in loss of compression 
of the anterior pharyngeal wall, resulting in a hyper- 
competent dorsal wave of the reformed pharyngeal 
tube. Lateral compression during peristalsis is also 
deficient. The propulsion force is accomplished by the 
rotation of the tongue-base which can result in hyper- 
excursion compensating for the dorsal pharyngeal 
wall (Hannig et al. 1994; Jung and Adams 1980; 
Mills 1973; Pauloski et al. 2002). A too large resec- 
tion of the tongue-base may cause severe dysphagia. 
A deficient opening of the reconstructed pharyngeal 
wall and the sphincter sleeve results in dysphagia. 
Hypotonicity of the pharyngeal tube may prevent 
the passive opening of the reconstructed sphincter. 
A hyperactive sphincter could also be responsible 



for solid state dysphagia. Since voice prosthesis users 
form sounds with the reconstructed sphincter sling, 
a perfect voice quality correlates frequently with 
the degree of dysphagia. Our own patients favoured 
sacrificing the discomfort for a better voice quality 
(Hannig et al. 1994, 1993a). 

Another cause of dysphagia is displacement of a 
voice prosthesis, particularly a too high implanted 
or a too steeply inclined prosthesis, causing food 
impaction and both solid and liquid dysphagia. 
Table 4.4.1 lists the changes in the area of the UES 
and pharynx in relation to the associated clinical 
symptoms. In one third of patients the dysphagia 
could be related to functional disorders. Post-radia- 
tion and post-therapeutic scar stenosis or membra- 



Table 4.4.1. Dysphagia present in laryngectomie 





causing 

dysphagia 


not causing 
dysphagia 


Delayed opening of the UES 


51% 


49% 


Premature closure of the UES 


65% 


35% 


Incomplete opening of UES 


70% 


30% 


Hypopharyngeal diverticula 


52% 


48% 


Web 


54% 


46% 


Reduced contractility/scarring 
of the pharyngeal tube 


80% 


20% 


Tumor recurrence 


31% 


69% 



(n = 246, male : female = 77% : 23%, median age 61,5 aa) 
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Table 4.4.2. Dysphagia present in laryngectomie alterations in pharyngeal timing in 
relation to dysphagia 





causing 

dysphagia 


not causing 
dysphagia 


normal 

value 


Time of pharyngeal peristalsis 


1047 ms 


763 ms 


617 ms 


Time of pharyngeal passage 


868 ms 


721 ms 


615 ms 


Depth of constriction wave (quotient) 


0,60 


0,69 


0,47 



(n = 246, male : female = 77% : 23%, median age 61,5 aa) 



nous stenosis is quite frequent but a recurrence is 
rare. In two thirds of our patients with dysphagia, 
dysfunction of the motility of the pharynx or the UES 
could be identified. In asymptomatic patients slight 
dysmotility of the UES is still seen but is much less 
than in the symptomatic patients. The obstruction 
during a delayed opening of the UES was less than 
20% in those patients. UES function was assessed 
using planimetry and frame-by-frame analysis. The 
median delay caused by the dysmotility of the UES 
was 47.5 ms, considerably longer than the 24.5 ms in 
the asymptomatic patients. Two thirds of our symp- 
tomatic patients had dysphagia and one third only 
globus sensation. We were interested to see that there 
was a correlation between the extent of swallowing 
symptoms and the hypercontraction of the neophar- 
ynx. Table 4.4.2 shows the median values of time of 
peristalsis, the time of pharyngeal passage and the 
constrictor ratio (maximal protrusion of the dorsal 
pharyngeal wave in relation to the sagittal diameter 
of the C3 vertebral body). The median obstruction 
of the area of the pharyngo-esophageal segment 
due to a dysfunction of the sphincter was 35% in the 
symptomatic group. It is remarkable how the time 
of peristalsis and time of pharyngeal passage was 
absolutely abnormal in the dysphagic patients. In 
Table 4.4.2, the motility disorders of the pharyngeal 
tube and the UES are presented in relation to the 
time measurements. As expected, due to the altered 
anatomy after laryngectomy, the constriction ratio 
was quite high in both the symptomatic and asymp- 
tomatic patient. Due to the loss of the laryngeal 
counter-pressure, the dorsal peristaltic wave gets 
unusually prominent. In addition to the dysfunc- 
tion of the neoglottis (formed by the UES) we see 
a second constricted area in the cervical esophagus 
just below the UES. This “second sphincter” showed 
a functional pattern comparable to the UES. The 
exact pathomechanism of this second hyper-con- 
tractile zone is yet unknown. It might be the effect of 
regulation of the airflow during the esophageal voice 
production. 



In a large number of patients with a delayed emp- 
tying of the pharynx due to insufficient peristalsis 
we were able to observe a marked compensation by 
the tongue-base, a virtual “tongue pump” (Hannig 
1995). 

This tongue pump consists of an accentuated 
caudo-dorsal movement of the floor of the mouth 
together with the tongue base moving the bolus 
through the pharynx and the UES. In some patients 
an additional hyperexcursion of the Passavant 
cushion and the region of the superior constrictor 
pharyngis was noted (a temporary long contact of 
the dorsal pharyngeal wall and tongue-base). Quite 
often, scarring resulted in reduced contractility of 
the reconstructed pharynx or of a narrow pharyn- 
geal canal. In Figure 4.4.9 the scar was caused by 
radiotherapy. In other patients it could be the result 




Fig. 4.4.9. Supraglottic pharyngo-laryngeal resection 
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of chronic inflammation or in a poor healing of a 
post-operative fistula. 

4A.2.5 

Hemi-pharyngectomy 

There are two main types of partial pharyngeal resec- 
tions. The horizontal resection (Fig. 4.4.9) is uncom- 
mon today, due to long-term complications from the 
interruption of the constrictor muscles resulting in 
deficient bolus propulsion. The more common longi- 
tudinal resection includes resection of the unilateral 
vallecula and piriform sinus and reconstruction of 
the pharyngeal tube by means of suturing the dorsal 
and anterior pharyngeal wall, often in combination 
with a myocutaneous flap. This reconstructed pha- 
ryngeal structure does not participate in the normal 
constriction due to relative weakness of the muscles. 
The bolus often remains on the resected side and 
can be cleared out of the pharynx only through 
the healthy hemi-pharynx (Hannig and Wuttge- 
Hannig 1999; Hannig 1995). 

4A.2.6 

Post-therapeutic Pharyngeal Cancer 

In cancers of the oral cavity, the floor of the mouth, 
tongue, tonsils, pharynx and UES, the morphological 
and functional changes correspond to the type and 
extent of therapy (Hannig and Wuttge-Hannig 
1999; Rosen et al. 2001; Zuydam et al. 2000). This 
may include simple resection, additional radio- or 
combined radio-chemotherapy. Less frequent forms 
of therapy such as combinations with hyperthermia 
are rare and will not be considered in our compara- 
tive studies (Fig. 4.4.10). 

Table 4.4.3 summarises the functional disorders. 
Combined radiation and chemotherapy and surgery 
alone present similar problems, whereas radiation 
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Fig. 4.4.10. Fistulation to the residual tongue-base after partial 
tongue resection and radiochemotherapy 



therapy alone presents the least. The most severe 
problems occur when surgery is followed by radio- 
therapy whereby in addition to the trigger problem 
related to the surgery, additional fibrosis related to 
the radiotherapy occurs. Differences in the sever- 
ity and type of aspiration related to the different 
treatment modalities are illustrated in Table 4.4.4. 
Aspiration turns out to be most frequent in radio- 
therapy in combination with chemotherapy in which 
the negative effects of receptor destruction, hypo- 
stimulation and mucosal damage are added to the 
radiation and chemotherapy combination. Never- 
theless, surgery alone causes the highest incidence 



Table 4.4.3. Functional Alterations due to ENT Cancer-Therapy 





Surg 

n=37 


Rth 

n=47 


Surg+Rth 

n=92 


Rth+Chemo 

n=145 


Bolus formation 


46% 


11% 


87% 


25% 


Premature leaking out of the oral cavity 


85% 


37% 


77% 


44% 


Delayed trigger of the swallowing reflex 


49% 


78% 


88% 


81% 


Penetration in the laryngeal vestibule 


40% 


19% 


76% 


72% 


Aspiration 


75% 


71% 


79% 


75% 


Reduced coughing reflex 


- 


6% 


32% 


8% 


Laryngeal antero-cranial- movement 


24% 


22% 


73% 


43% 


Dysfunction of the UES 


65% 


9% 


86% 


56% 



n = 321, m:f = 67:33, mean age = 55,7 aa 
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Table 4.4.4. Type and Severity of aspiration due to ENT Cancer- 
Therapy 





Surg 

27/32 

82% 


Rth 

36/45 

80% 


Surg+Rth Rth+Chemo 
78/92 112/145 

79% 77% 


Predeglutitive 


16 


24 


36 


47 


Grade I 


4 


9 


10 


21 


Grade II 


4 


6 


9 


9 


Grade III 


6 


5 


9 


9 


Grade IV 


2 


4 


8 


8 


Intradeglutitive 


3 


0 


13 


21 


Grade I 


- 


- 


2 


3 


Grade II 


2 


- 


4 


7 


Grade III 


1 


- 


3 


9 


Grade IV 


- 


- 


4 


2 


Postdeglutitive 


8 


12 


29 


44 


Grade I 


2 


3 


12 


15 


Grade II 


2 


2 


9 


13 


Grade III 


4 


5 


5 


10 


Grade IV 


- 


2 


3 


6 


Combined forms 


15 


7 


51 


49 



n = 321, m:f = 67:33, mean age = 55,7 aa 



of aspiration followed by radiotherapy alone and 
surgery plus radiotherapy. The high number of aspi- 
ration complications related to radiotherapy alone 
could be due to the fact that it usually involves older 
patients who could not tolerate a combined protocol. 
Table 4.4.5 lists the morphological alterations relative 
to the therapeutic protocol. As expected radiotherapy 
alone, surgery alone, and radio-chemotherapy cause 
less problems. 

4A.2.7 
Cleft Palate 

A palatal cleft causes social stigma due to the exter- 
nal aesthetic image, the palato-rhinolalia and the 
nasal penetration of the bolus during swallowing 



(Engelke et al. 1991; Engelke 1994; Hannig et 
al. 1993b). The anatomical shortening and the func- 
tional restriction of the soft palate include the post- 
therapeutic scar after closure of the defect. The above 
can lead to a velo-pharyngeal insufficiency. 

An analysis of the velo-pharyngeal closing 
mechanism should be done before and after surgery 
(Thumfart et al. 1996; Bergeron et al. 1984; Croft 
et al. 1981; Dalston et al. 1985; Engelke et al. 1991; 
Engelke 1994; Hannig and Wuttge-Hannig 1992; 
Hannig et al. 1993b, 1995b; Hartmann et al. 1972; 
Hess et al. 1994, 1995a, 1995b, 1996a, 1996b; Herzog 
et al. 1993). The early use of surgical occlusion and/or 
prosthesis may help achieve proper maturation from 
the infantile to the adult swallowing reflex pattern. 
The nursing infant adapts safely to the anatomical 
changes. The first segment of the nearly horizontal 
aditus laryngis, which remains very narrow to the 
base of the tongue, together with the large valleculae 
and the long soft palate, permits a two-chamber sep- 
aration of the pharynx. The infant is thus able to fill 
up the valleculae with usually three suctions during 
breathing. Only after three stimulations of the tongue 
base can the swallowing reflex, located very deep in 
the pharynx, be triggered. Mastication assists in the 
development of the orally directed swallowing reflex. 
Tactile stimulations are also helpful in this process. 
According to Croft et al. (1981), four types of velo- 
pharyngeal occlusion mechanisms can be identified: 
sagittal, coronal, circular and circular with a Passa- 
vant cushion (Fig. 4.4.11). 

The commonly used tools are: lateral radiography 
of the cranium, a pantogram of the dental arcade, 
video-fluoroscopy and the 16-slice helical CT already 
separated in spatial but not temporal resolution in 
the electron beam tomogram. In the future, MRI 
will be the imaging modality of choice especially in 
infants and young adults in whom the radiation dose 
is critical and where many radiograms in different 



Table 4.4.5. Morphologic Alterations due to ENT Cancer-Therapy 





Surg 

n=20 


Rth 

n=47 


Surg+Rth 

n=92 


Rth+Chemo 

n=145 


Fibrosis of the subepidermal tissue 


11% 


62% 


72% 


48% 


Fibrosis of muscles 


- 


52% 


82% 


58% 


Adhesions skin-larynx 


15% 


49% 


74% 


48% 


Adhesions larynx-prevertebral fascia 


- 


48% 


72% 


27% 


Stenosis by scarring 


12% 


42% 


66% 


53% 


Oral defects 


78% 


- 


58% 


18% 


Pharyngeal defects 


29% 


11% 


61% 


7% 


Laryngeal defects 


32% 


- 


48% 


- 


Recurrence 


- 


7% 


11% 


21% 



n = 321, m:f = 67:33, mean age = 55,7 aa 
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Fig. 4.4.1 la, b. Cleft, a Insufficient nasopharyngeal closure with 
attempt of a Passavant’s compensation, b Circular compensa- 
tion with major action of the lateral pharyngeal constrictors 
in hemiaxial projection 



planes have to be used. A very accurate appreciation 
of the velum motility and the swallowing competence 
allows one to decide which therapeutic approach 
would be most favourable: simple augmentation of 
the dorsal wall (Hynes) or the more complicated 
velo-pharyngoplasty (Sanvenero-Roselli) (Horch 
et al. 1993; Sader et al. 1994, 1995, 1997, 2001; Skol- 
nick et al. 1989). Post-therapeutic evaluation of the 
velum performance assists in the decision whether 
a re-operation or a conservative program is to be 
pursued. 

4.4.3 

Post-traumatic, Post-lesional and Post-surgical 
Brain Lesions 

A large spectrum of damage to the CNS and periph- 
eral nervous system can result in dysphagia (Hannig 
1995; Wuttge-Hannig and Hannig 1995). In neu- 
rologically impaired patients, conservative rehabili- 
tative methods are the procedures of choice. Surgery 
might cause further damage to the trigger area. The 
Munich rehabilitative strategy is generally adopted 



for such patients. Therapy is planned based on 
dynamic swallowing analysis. A division and grad- 
ing analysis into pre-, intra-, and post-deglutitive 
aspiration and its severity is done. The accurate 
study of the multiple patho-mechanisms allows us 
to design a program individually tailored for each 
patient, which gives the best results and is most 
cost-effective (Hannig et al. 1995a; Hannig and 
Wuttge-Hannig 1999). 

A unilateral functional defect or hypotonic- 
ity suggests a unilateral cerebral event whereas a 
bilateral defect suggests a neuromuscular disorder 
(Wuttge-Hannig and Hannig 1995). Dilatation 
of the hypopharynx is common in trumpet players 
and singers and is bilateral. The study can identify 
neurogenic, myogenic and reflux induced disorders. 
The reflux episodes could be due to the tenth cra- 
nial nerve. The differentiation is important since in 
myogenic dysfunction simple drug use might solve 
the problem, which is not the case in vagal dysfunc- 
tion where not only the UES but also the esophageal 
clearing function is compromised. A myotomy of 
the UES should only be performed in rare cases. 
Esophago-pharyngeal and tracheal aspiration would 
result from a surgical dilatation of the PE segment. 
The passive opening of the UES can be influenced by 




Fig. 4.4.12. Laryngo-hyoido-mentopexy in a patient with an 
intradeglutitive aspiration due to a resection of an ependy- 
moma of the IVth ventricle 
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Fig. 4.4.13. Patient after surgery and radiotherapy for a thyroid 
cancer 25 years previously. Fistulation below the level of the 
arytenoid cartilages 




Fig. 4.4.1 4a, b. Patient with dysphagia due to a patch insertion 
in the right carotid artery, a By turning the head to the left side 
the bolus passage is obstructed, b By turning the head to the 
right side a good clearance of the pharynx can be achieved 



the Mendelsohn manoeuvre but if there is a spasm 
of the UES conservative therapy is rarely adequate. 
Further reconstructive surgery should be under- 
taken only after a long-term rehabilitative trial. In 
the latter patient the separation of the alimentary 
and respiratory canal should only be a last choice. 
If the patient possesses good cognitive capacity the 
use of alternative positional manoeuvres could be 
used. This is especially important in the planning 
of a laryngo-hyoido-mentopexy procedure planned 
via dynamic imaging. This surgical technique neces- 
sitates deglutition in the upright position (Hannig 
1995). In 1996 Mahieu described a similar method 
as “laryngeal suspension”, which was performed 
in a large number of aspirating patients but which 
excluded the tracheal stabilisation (Fig. 4.4.12). ENT 
and neurologists use botulism toxin injections. 
Newer applications of the latter may cure esopha- 
geal motility disorders causing dysphagia. Within 
Thumfart’s group in Innsbruck and at the ENT 
departments in Turin and Milan botox injections 
are frequently used (Cantarella 1998; Pastore 
1997; Thumfart et al. 1996). 



4.4.4 

Scarring and Post-surgical Instabilities 
of the Pharynx 

Dysphagia is quite frequent as a result of muscular 
dissection in vascular (Fig. 4.4.13) and orthopaedic 
surgery of the cervical spine area (Hannig and 
Wuttge-Hannig 1999; Hannig 1995). In surgi- 
cal unilateral procedures an out-pouching of the 
weaker hemi-pharynx may occur due to a less 
effective lateral constrictor wave. The therapeutic 
approach in such cases depends on the extent of 
weakness of the unilateral pharynx. If there is a rela- 
tively weak pharyngeal wall the bolus will end up in 
this weak hemi-pharynx and will not be cleared out 
of it. If there is a scar or hypertonicity of the sur- 
gical side, the contralateral side will transport the 
bolus well. A trial of the best manoeuvre by means 
of dynamic imaging will yield the best results. The 
raising or inclination of the head may result in a 
different pre-load to the external laryngeal muscu- 
lature. The swallowing disorder may get even more 
complex by adhesions of the skin of the neck to the 
larynx frequently after surgery for thyroid tumours 
(Fig. 4.4.14). 
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4.4.5 

Conclusion 

Dynamic imaging in swallowing disorders defines 
the pathophysiology of the disorder and determines 
the method of rehabilitation of the post-therapeu- 
tically impaired deglutition. Myo- or neurogenic 
disorders can be identified. The oral and pharyngo- 
esophageal interaction can be studied. The advantage 
of this method of study lies in its ability to produce 
the high spatial and temporal resolution of the very 
fast motility between the oral cavity and entrance 
into the esophagus. This procedure may also pro- 
vide hints as to the localisation of the neurological 
focus, although the nature of the underlying disease 
is rarely identified by this technique alone. The stud- 
ies permit individual tailoring of rehabilitation and 
the most cost-effective method. 
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4.5.1 

Introduction 

When selecting an instrumental procedure to assess 
oral and pharyngeal swallowing dysfunction video- 
radiography is considered the gold standard and is 
the most frequently used technique (Donner 1988; 
Jones and Donner 1989; Ekberg 1990, 1992; Dodds 
et al. 1990a, 1990b). The videofluoroscopic swallowing 
study is also referred to as the modified barium swal- 
low study and has been shown to have high clinical 
yield (Martin-Harris et al. 2000). Because of the 
therapeutic implications of the swallowing study, as 
well as the therapeutic approaches that can be applied 
and tested during the examination, the study will be 
described as “the therapeutic swallowing study” in this 
chapter. The therapeutic swallowing study permits 
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observation of upper aerodigestive tract function as 
the patient swallows varied volumes and textures of 
different radiopaque materials (Logemann 1986) and 
requires specialized training for accurate and reliable 
implementation and interpretation of test results 
(Logemann et al. 2000). The study is recorded on a 
dynamic medium such as videotape or computer disk 
making it possible to analyse structural movements in 
relation to contrast flow in slow motion and frame by 
frame. Pathology can be identified such as disordered 
timing and coordination of structural movement, and 
the presence, degree, timing and cause of aspiration 
can be documented. 

The therapeutic swallowing study is a dynamic 
procedure that examines the mechanical passage 
of food and liquid from the mouth to the stomach. 
However, in most studies the focus lies on oral and 
pharyngeal phases of deglutition. Comprehensive 
examination includes the observation of oral bolus 
manipulation, lingual motility efficiency of mastica- 
tion, timing of pharyngeal swallow initiation, soft 
palate elevation and retraction, tongue base retrac- 
tion, pharyngeal contraction, superior and anterior 
hyolaryngeal movement, epiglottic inversion and 
extent and duration of pharyngoesophageal segment 
opening (Martin-Harris et al. 2000). 

Various therapeutic strategies, such as postural 
techniques, manoeuvres and techniques improving 
oral sensory awareness can be systematically applied, 
tested and their effect on function can be observed 
(Ekberg 1986; Logemann et al. 1989; Martin et 
al. 1993; Martin 1994; Bulow et al. 2001). Different 
materials are given to the patient to identify optimal 
food and liquid textures that facilitate a safe and effi- 
cient oral intake. 

Clinical experience and research findings provide 
evidence that aspiration, and more importantly the 
cause of aspiration, can be missed during observa- 
tions made from test swallows included in a clinical 
or bedside examination. Studies have shown that 
clinicians do not consistently identify the presence 
of aspiration during clinical examinations. The 
sensitivity and specificity of the bedside examina- 
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tion in the detection of aspiration and in predicting 
patient outcome warrants further study. Further- 
more, it has been reported that 50%-60% of patients 
who aspirate do not cough (Linden and Siebens 
1983; Splaingard et al. 1988; De Pippo et al. 1992; 
Nathadwarawala et al. 1992, 1994; Zenner et 
al. 1995). Despite its limitations, the bedside or 
non-instrumental examination provides impor- 
tant information regarding signs and symptoms of 
potential swallowing disorders and need for further 
instrumental examination, impressions regarding 
the patient’s language and cognitive status, propen- 
sity for fatigue during eating and drinking, and a 
realistic picture of the patient’s eating and drinking 
patterns. 

4.5.2 

How to Perform the Study 

At the radiological department at the University 
Hospital MAS, Malmo, Sweden, we have had nearly 
ten years experience with a swallowing assessment 
team that includes collaboration between a speech/ 
language pathologist and radiologist in the perfor- 
mance and analysis of the therapeutic swallowing 
study. The speech/language pathologist has her own 
schedule two half days a week at the laboratory and 
schedules her own patients. The teamwork of the two 
specialists provides rapid and adequate information 
about current swallowing dysfunction and manage- 
ment recommendations to the referring clinician, 
patient and caregivers. 

The swallowing recording equipment includes: 

• Fluoroscope 

• Time-date character generator 

SVHS videotape recorder which have jog and 

shuttle and frame lock abilities to enable obser- 
vations in slow motion 

• Microphone 

Video monitor for SVHS quality 

The patient is administered controlled food and 
liquid textures that are mixed with contrast resulting 
in a simulated diet but dense enough to allow X-ray 
visualization. Typically, barium sulfate is used and 
allows for optimal visualization of bolus passage 
through the alimentary tract (Murray 1999). 

The procedure is most often performed with the 
patient seated in an upright position. If the indi- 
vidual is unable to assume and maintain a seating 
position, adaptive seating devices can be employed. 
If theses devices are not available, the patient maybe 




Fig 4.5.1. The laboratory 



placed on the fluoroscopic table and the examination 
is performed with the patient lying down. The head 
and trunk can then be raised to a semi-upright posi- 
tion. The individual can also be positioned seated 
in his or her own wheelchair if there is adequate 
distance between the floor and fluoroscopic tube 
to permit oro-pharyngeal and cervical esophageal 
viewing. 

The study typically begins with the subject in lateral 
view, the optimal position for visualizing penetration 
or aspiration of material into the laryngeal vestibule 
before, during, and after swallowing. In lateral view the 
profile contours of the soft palate, base of the tongue, 
posterior pharyngeal wall, epiglottis, aryepiglottic 
folds, anterior hypo-pharyngeal wall and the region 
of the cricopharyngeal muscle or pharyngoesopha- 
geal segment. Following swallowing assessment in the 
lateral view, the patient is then positioned in a frontal 
view permitting assessment regarding asymmetric 
contours, the surface of the base of the tongue, median 
and lateral glossoepiglottic folds, tonsillar fossa, val- 
leculae and hypopharynx. 

In our experience the amount of radiation during 
the study is low, 2-5 mSv (absorbed dose), which is 
about one eighth of the amount when performing a 
colon examination. The average radiation exposure 
time is 2-3 min. 

It is critical that caregivers, nurses (e.g., depending 
on the medical status of the patient) and/or family 
members observe the study either at the time of the 
examination or at a later viewing of the recorded 
examination. This provides the opportunity to 
educate the caregivers in the nature of the patient’s 
swallowing problem, and the necessary precautions 
and management strategies that must be applied to 
ensure airway protection and efficient oral intake. 
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4 . 5.3 

Routines During the Study 

The swallowing therapist: 

Decides how the procedure will be performed 
based on observations of the patient during the 
bedside examination. The volumes and textures 
of contrast materials used in the study should be 
tailored to meet the particular needs of the patient 
based on his/her clinical swallowing presentation. 
Selects and prepares contrast materials (mixing, 
measured volumes, order). 

Prepares the patient for the examination. 
Provides instructions and administers contrast 
materials. 

Systematically applies trial therapeutic strategies 
based on the observed nature of the swallowing 
disorder. 

Documents a collaborative report with the radi- 
ologist that includes recommendations for non- 
oral intake, appropriate food/liquid textures and 
bolus volumes, and necessary therapeutic strate- 
gies such as compensatory postures, manoeuvres 
and exercises. 

The radiologist: 

Operates the fluoroscopic equipment and observes 
anatomic abnormalities. 

Documents a collaborative report with the swal- 
lowing therapist. 

The assistant nurse: 

Prepares the fluoroscopy suite for the study. 
Prepares the appropriate test material. 

Completes the registration and operates the vid- 
eotape recorder. 

Assists the patient before and after the study. 
Completes the swallowing protocol during the 
procedure. 

4 . 5.4 

Test Material 

Every procedure is individually adapted to the patient, 
even if the same routines are used. If there is a suspicion 
of aspiration and/or we do not know for sure whether 
the patient will initiate a pharyngeal swallow, the pro- 
cedure starts with 2 or 3 ml of water-soluble contrast 
either as thin or thickened liquid. The patient may not 
be exposed to any risks of aspiration pneumonia. 

The normal procedure consists of the following 
consistencies: 



• Pudding 

• Puree 

Chopped solid material: either meat or vegetables 

in sauce 

• Thickened liquid 

• Thin liquid 

When testing mastication some sort of crisp bread 
covered with barium paste is used. 

Every test material is given three times in various 
amounts from 3 ml, 5 ml to 10 ml or more. However, 
few trials may be given depending on the severity of 
the swallowing impairment and degree of aspiration. 
The patients may be fed by the swallowing thera- 
pist but may also feed themselves, giving important 
information about their habitual eating and drinking 
behaviours. For example, patients suffering from right 
hemispheric damage often take excessive amounts of 
solids and liquids during mealtime. This is important 
behaviour to identify and modify. Studies showing typ- 
ical bolus volume during thin liquid swallows indicate 
that the average volume habitually ingested by males is 
21.3-29.3 ml and 13.6-20.4 ml in females (Adnerhill 
et al. 1989). If the patient wishes, or if he/she reports 
symptoms with only very specific food or liquid items, 
he/she may bring material to the examination where it 
will be mixed with barium contrast and tested. 

The material used is prepared in the hospital 
kitchen according to our recipe and the radiologi- 
cal department provides the kitchen with barium 
sulfate. When the material comes to the radio- 
logical department in small cans, 0.5 dl for a solid 
bolus and 1 dl for liquids, it is placed in a freezer. 
Before every assessment the assistant nurse takes 
it from the freezer in time for the study. Every 
patient gets his or her individual combination of 
test material depending on the nature of the swal- 
lowing problem. 




Fig 4.5.2. Test material 
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Table 4.5.1. Recipe of material for the therapeutic swallowing study 

1 portion solid bolus consists of 45 g product and 15 g mixobar HB barium contrast and gives 60 g ready-mixed material (0.5 dl) 

1 portion thickened liquid consists of 100 g product and 30 g mixobar HB barium contrast and gives 130 g ready mixed material (1 dl) 



4.5.5 

Protocol hTherapeutic Videoradiographic Swallowing Examination 



Table 4.5.2. Protocol for therapeutic videoradiographic swallowing examination 

Date: 

Us nr: 

Personnumber: Name: 

Actual problems: 

Actual nutrition: Oral 100% 50% 25% Non oral: Nasogastric tube PEG Infusion 

Actual consistencies: Solid bolus Puree Pudding Other Liquids : Thin liquid Thick liquid 



Consistency: 

Amount: 

Intake: 


1 

2 

3 

ml 


5 ml 


10 ml 


20 ml 


Drinks without 
help 


Eats without 
help 


Have to be fed 


Syringe 


Solid bolus 


















Chopped solid bolus 


















Puree 


















Pudding 


















Thin liquid 


















Thick liquid 


















Water-soluble 


















Bread 



















Comments: 



THERAPEUTIC STRATEGIES: 

Sensory stimulation: 

TTS 

Push down with a spoon against the tongue 
Sour bolus (lemon) 

Larger bolus volume 
Cold bolus 
Chewing 

Postural techniques: 

Chin tuck 
Head back 

Head rotated to damaged side 

Head rotated 

Head tilt to stronger side 

Swallowing techniques: 

Supraglottic swallow 
Super-supraglottic swallow 
Effortful swallow 
Mendelsohn Manoeuvre 



TREATMENT PLAN: 



Diet modification: 
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4.5.6 

Protocol IhTherapeutic Videoradiographic Swallowing Examination 



Table 4.5.3. Protocol for therapeutic videoradiographic swallowing examination. Radiological Department, University Hospital 



MAS, Malmo 

Examination number: Date of examination: 

Name: Person nr : 

Medical diagnosis: 

Remittent:: 

Exam performed by: 



CONSISTENCIES: 




Thin 

liquid 


Thick 

liquid 


Pudding 


Puree 


Solid 

bolus 


Lateral view: 














ORAL PREPARATION: 


Normal 


0 


0 


0 


0 


0 




Incomplete lip closure 


1 


1 


1 


1 


1 




Delaved bolus preparation 


2 


2 


2 


2 


2 




Diffuse spreading of bolus in oral cavitv 


2 


2 


2 


2 


2 


ORAL PHASE: 


Normal 


0 


0 


0 


0 


0 


- Leakage 


Anterior: 


1 


1 


1 


1 


1 






2 


2 


2 


2 


2 




Posterior: 


1 


1 


1 


1 


1 






2 


2 


2 


2 


2 


- Tongue movements 


Normal coordination 


0 


0 


0 


0 


0 




Inefficient 


1 


1 


1 


1 


1 


- Mastication 


Normal 


0 


0 


0 


0 


0 




Inefficient 


1 


1 


1 


1 


1 


- Delaved bolus transport 


Mild 


1 


1 


1 


1 


1 




Moderate 


2 


2 


2 


2 


2 


Regurgitation into nasal cavitv 




1 


1 


1 


1 


1 


DISSOCIATION 


<0.5 s 


0 


0 


0 


0 


0 




0.5-2 s 


1 


1 


1 


1 


1 




3-5 s 


2 


2 


2 


2 


2 




>5 s 


3 


3 


3 


3 


3 


PHARYNGEAL PHASE: 














- Laryngeal elevation, 
Movements of os hvoid 


Normal 


0 


0 


0 


0 


0 




Reduced 


1 


1 


1 


1 


1 




Anterior movement incomplete 


2 


2 


2 


2 


2 




Elevation absent 


3 


3 


3 


3 


3 


- epiglottic movement 


Normal 


0 


0 


0 


0 


0 




Incomplete 


1 


1 


1 


1 


1 


Vestibulum 

penetration - aspiration 


No 


0 


0 


0 


0 


0 




Subepiglottic penetration 


1 


1 


1 


1 


1 




Supraglottic penetration 


2 


2 


2 


2 


2 




Tracheal penetration 


3 


3 


3 


3 


3 


Constrictor muscles/ 
Retention 


No 


0 


0 


0 


0 


0 




Weak muscles, +/- mild retention 


1 


1 


1 


1 


1 




Paresis one segment, +/- moderate retention 


2 


2 


2 


2 


2 




Severe paresis, +/- severe retention 


3 


3 


3 


3 


3 


PES 


Normal opening 


0 


0 


0 


0 


0 




< 25 % impaired 


1 


1 


1 


1 


1 




25-50 % impaired 


2 


2 


2 


2 


2 




> 50 % impaired 


3 


3 


3 


3 


3 


Frontal view: 














Unilateral paresis 
Bilateral paresis 
Vocal fold closure 














Comments: 














Total points: 
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4 . 5.7 

Swallowing Management 

Upon completion of the therapeutic swallowing 
study, the swallowing therapist has identified the 
nature and severity of the swallowing disorder, made 
recommendations for oral versus non-oral intake, 
and designs an individual treatment plan directed 
toward specific swallowing functional outcome goals. 
Every applied treatment strategy must be based on a 
sound rationale according to the nature of the swal- 
lowing problem and the physical and cognitive status 
of the patient. 

Strategies may include postural techniques, sen- 
sory improvement techniques, swallowing manoeu- 
vres, isometric exercises applied to the muscle groups 
of the tongue and suprahyoid musculature, and bolus 
volume and texture modification. Combinations of 
different management strategies are often used. 

A critical component in the management of dys- 
phagic patients is providing accurate information. 
To inform and explain current problems in an under- 
standable way is essential for the patient, family 
members and nursing staff in terms of heightening 
awareness and understanding of the dysfunction, 
and highlighting the necessity for swallowing pre- 
cautions and treatment. The successful rehabilitation 
of a dysphagic patient will to a large extent depend 
on the implementation of a team approach, with the 
patient and family as key components of the team. 

Education of the medical and nursing staff regard- 
ing how to observe potential swallowing problems, 
and hosting routine patient care rounds facilitates 
appropriate patient referrals and expedites the care 
of dysphagic patients 

The Postural Techniques 

To change head or body posture in dysphagic patients 
is for most individuals relatively easy to perform 
and can successfully eliminate misdirected swal- 
lows (penetration/aspiration) on liquids 75%-80% 
of the time (Logemann 1998). Head down (chin 
tuck) widens the valleculae, pushes the tongue base 
backward toward the pharyngeal wall, places the epi- 
glottis in a more posterior position and narrows the 
entrance to the larynx. This position is used in cases 
where there is a reduction in posterior tongue base 
motion, unilateral laryngeal dysfunction, delayed 
initiation of pharyngeal swallow and in reduced 
laryngeal closure. For patients with weak pharyngeal 
constrictor muscles, a chin tuck position makes the 
difficulties worse, especially when swallowing a mas- 



ticated bolus, which could lead to increased retention 
in the pharyngeal recess and post-swallow aspiration 
(Shanahan et al. 1993; Welch et al. 1993; Bulow 
et al. 1999). But chin tuck could reduce the depth 
of misdirected swallows (penetration/aspiration) 
(Bulow et al. 2001). 

By using the head back posture, gravity can facili- 
tate more efficient clearance of the oral cavity when 
oral transit is disturbed; however, good airway pro- 
tection and pharyngeal swallowing mechanics must 
be present for safe implementation of this posture. 
When the head is rotated to the damaged side the 
passage through the damaged or weakened side is 
reduced permitting primary bolus passage through 
the stronger side. The head rotation posture also 
pulls the cricoid cartilage away from the posterior 
pharyngeal wall and facilitates passage into the 
cervical esophagus as in the case of decreased pha- 
ryngoesophageal segment opening (Logemann et 
al. 1989). Head tilt to the stronger side results in bolus 
passage down on the stronger side in the case of uni- 
lateral oral and pharyngeal weakness. Lying down 
on one side will take advantage of the gravity effect 
on pharyngeal retention, and reduce the likelihood 
of aspiration of residue after the swallow in cases of 
reduced pharyngeal contraction. 

Sensory Improvement Techniques 

Techniques such as thermal tactile stimulation and 
bolus manipulation are designed to improve oral 
sensory awareness and improve the timing of swal- 
low initiation (Lazzara et al. 1986; Rosenbek et al. 
1996). Furthermore, bolus could be manipulated in 
different ways such as giving a sour bolus, a cold 
bolus, a larger volume bolus and a bolus that requires 
chewing. Pressure applied to the tongue during spoon 
administrations of food may also facilitate produc- 
tive tongue movement toward a functional swallow. 

Swallowing Manoeuvres 

The four different techniques that are designed 
to change a selected aspect of the physiology of 
pharyngeal swallow include: supraglottic swallow, 
super-supraglottic swallow, effortful swallow and 
the Mendelsohn manoeuvre (Logemann 1998; 
Logemann and kahrilas 1990; Kahrilas et al. 
1992). Despite their proven effectiveness in some 
patients, the complexity of the manoeuvre often 
precludes their usage with patient experiencing 
language-cognitive impairment, pulmonary disease, 
deconditioning and fatigue. 
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Supraglottic swallow and Super-Supraglottic swallow 

The primary purpose of these techniques is to ensure 
airway protection prior to and throughout the swal- 
low. 

The techniques include instructing the patient to: 
(1) take a breath, hold it and, in the super-supraglot- 
tic swallow, bear down; (2) swallow; (3) clear their 
throat without inhaling; (4) dry swallow. It has been 
shown that instructing the patient to hold their 
breath ’’hard” and ”b ear-down” results in optimal 
glottic and supraglottic closure (Martin et al. 1993; 
Logemann 1998). 

The purpose by bearing down in the super-supra- 
glottic swallow technique is to assist the closure of 
the posterior glottis and, the false vocal folds. 

Effortful Swallow 



increase the width and duration of (pharyngoesopha- 
geal) cricopharyngeal opening (Logemann 1998). Fol- 
lowing early relaxation of the cricopharyngeus muscle, 
the pharyngoesophageal segment is pulled open as 
the cricoid cartilage is moved away from the posterior 
pharyngeal wall during upward and forward movement 
of the hyoid bone and larynx. The functional result of 
this technique is to facilitate bolus passage through the 
pharyngoesophageal segment and decrease the degree 
of pyriform residue (Lazarus et al. 1993). 
Instructions: 

Pay attention to your neck by swallowing your 
saliva several times. 

Try to feel how your Adam’s apple lifts and lowers 
as you swallow. 

Swallow again, and when you feel the Adam’s apple 
lift, keep it in its highest position by squeezing the 
muscles of your tongue and neck for several sec- 
onds. 



The purpose of this technique is to increase posterior 
motion of the tongue base during pharyngeal swal- 
low. The increase in tongue base retraction associated 
with the manoeuvre should facilitate improved bolus 
clearance from the valleculae (Logemann 1998). 
This technique could also reduce the depth and sever- 
ity of misdirected swallows (penetration/aspiration) 
(Bulow et al. 2001). 

Instructions: 

Squeeze hard with all of your tongue muscles 
when you swallow. 

Mendelsohn Manoeuvre 



The purpose of this manoeuvre is to increase the 
duration and extent of laryngeal elevation and thereby 




Fig 4.5.3. Pharyngeal dysfunction 



Oral Motor Exercises 

By performing specialized exercises to the striated 
musculature of the tongue, pharynx and cervical 
esophagus region, there is some evidence to suggest 
that it is possible to improve muscle strength and 
range of motion (Logemann 1983, 1995; Sonies 
1993). The exercise program must be individually 
adapted depending on the specific type(s) of swal- 
lowing impairment, and clearly documented and 
explained to ensure independent patient imple- 
mentation whenever possible. Some exercises have 
prescribed intensities and frequencies, such as the 
Shaker exercise (Shaker et al. 1997). Other isomet- 
ric strengthening exercises are usually introduced 
in a hierarchy of difficulty, with a gradual increase 
in intensity and frequency. Based on what is known 
about skeletal muscle physiology in other parts of the 
body, it is likely that the patient will need to continue 
an exercise maintenance program even after func- 
tional swallowing skills are acquired. 

Diet Modification 

Food and liquid texture modifications are often 
found to be necessary based on the results of the 
therapeutic swallowing study. Examples include 
changes from thin to thickened liquids, or vice 
versa, and soft solids to pureed foods. Even though 
these texture modifications appear to be simply 
strategies to improve swallow safety and efficiency, 
several factors must be considered when making 
these recommendations: (1) patient tolerance and 
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preference; (2) adequate nutrition and hydration; 
(3) cultural considerations regarding food items 
and textures. 

Oral versus Non-oral Feeding 

Tube feeding methods, such as nasogastric tube, 
percutaneous endoscopic gastrostomy (PEG) or 
jejunostomy are sometimes the only safe and effi- 
cient avenues for feeding in severely dysphagic 
patients. It is a common occurrence for a patient to 



have tube feedings as the primary source of nutrition 
and hydration, with safe supplementation of small 
amounts of modified food and liquid textures for 
pleasure and optimising of quality of life. 

The lateral radiograph illustrate a tracheal pen- 
etration and residue in valleculae and pyriform sinus 
secondary to a brain-stem stroke. 

4.5.8 

Therapeutic Strategies (Table 4.5.4) 



Table 4.5.4. Disorders documented on videofluoroscopy and management. [(Modified from Martin (1994)] 



Radiographic presentation 


Cognitive and sensory stimula- 
tion, oral motor exercises, diet 
modification, alternative nutrition 


Head positioning 


Manoeuvres 


Oral phase: 

Anterior leakage due to incomplete 
lip closure 
Oral residue 

Posterior leakage due to spill over 
tongue base 

Delayed bolus preparation 
Diffuse spreading of bolus in oral 
cavity 

Inefficient tongue movements and 
mastication 

Delayed bolus transport 
Aspiration before pharyngeal swallow 
Regurgitation into nasal cavity 


Optimise liquid/ food texture 
Sufficient bolus volumes 
Intraoral placement to unim- 
paired side 

Labial resistive exercises 
Buccal range of motion exercises 
and resistive exercises 
Lingual range of motion exercises 
and resistive exercises 
Bolus control exercises 
Thickened liquids, cold liquids, 
semisolids, soft solids 
Controlled bolus volume 
Thickened liquids and semisolids 
Bolus hold exercises 


Head tilt to 
unimpaired 
side 


Lip pursing 
Double swallow 
Supraglottic swallow 


Dissociation: 

Delayed initiation of pharyngeal 
swallow 


Thermal Tactile Stimulation. 
Thickened liquids. 

Cold stimulus. 

Controlled bolus volume 
Bolus hold exercises 


Chin tuck 


Supraglottic swallow 


Pharyngeal phase: 

Laryngeal elevation reduced 
Movements of os hyoid: 

Elevation incomplete, anterior move- 
ment incomplete 
Epiglottis 

- incomplete closure 
Misdirected swallows: 

Vestibulum laryngis 

- subepiglottic penetration 

- supraglottic penetration 
Tracheal penetration -aspiration 
Weakness of constrictor muscles: 
Mild, moderate or severe 
Retention 

Unilateral, pocketing in valleculae 
or/and piriform sinus 
Bilateral, pocketing in valleculae or/ 
and piriform sinuses 


Controlled bolus volume 
Slightly thickened liquids 
Thinned semi-solids 
Cold stimulus 
Thickened liquids 
Thermal tactile stimulation 
Bolus hold exercises 
Controlled bolus volume 
Liquids, semisolids and 
soft solids 
Hard swallow 
Controlled bolus volume 
Liquids and thinned semi- solids 


Chin tuck 
Head rotation 
toward impaired 
side 

Head tilt toward 
unimpaired side 
Head rotation 


Mendelsohn manoeuvre 
Mendelsohn manoeuvre 
Supraglottic swallow 
Supraglottic swallow 
Double swallow 
Modified supraglottic swallow 
Double swallow 
Modified supraglottic swallow 


PES: 

- impaired opening 
Regurgitation from esophagus to 
piriform sinuses 


Liquids, semisolids and soft 
solids 

Controlled bolus volumes 




Mendelsohn manoeuvre 

Double swallow 

Modified supraglottic swallow 


Absent pharyngeal swallow 


Thermal tactile stimulation 
Tube feeding. 
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4.5.9 

Conclusion 

In the therapeutic swallowing study a trained speech/ 
language pathologist and a radiologist collaborate in 
performing the examination. The competence of the 
two specialists provides an opportunity for a complete 
visualization and analysis of the entire swallowing 
sequence. Testing swallowing function with varied 
bolus volumes and textures, and the implementation 
of trial therapeutic strategies are integral compo- 
nents of the examination. Despite the strengths and 
clinical utility of the therapeutic swallowing study, 
there are several limitations with interpretation of 
test results across swallowing centres. There is lack 
of standardization regarding the textures of contrast 
materials, varying terminology and methods of 
analysis, and generally sub optimal intersubject reli- 
ability regarding the rating of swallowing function. 
Clearly there is a need for multi-centre collaboration 
to determine salient features that warrant analysis on 
the therapeutic swallowing study, standardization of 
rating scales and the association of these ratings with 
patient functional outcomes and quality of life. The 
evaluation of oro-pharyngeal swallowing function is 
in its infancy, and we expect that evidenced based 
studies will increase across centres in Europe and the 
United States to assist us in further determining the 
optimal test protocols, item analysis and treatment 
strategies for improved swallowing function in our 
dysphagic patients. 
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5.1.1 

Introduction 

Radiologic assessment of the esophagus is an essen- 
tial part of the diagnostic work-up of patients with 
deglutition disorders. The radiologic examination 
comprises two parts: single- and double contrast 
examinations to assess the morphology of the 
esophagus and the esophago-gastric junction, which 
may reveal signs of esophagitis, tumour, strictures or 
rings. Radiologic evaluation of the esophagus would 
be incomplete without assessing esophageal function. 
Attempts to diagnose esophageal motor dysfunction, 
such as achalasia, were undertaken in the early days 
of single-contrast barium radiology (Hurst et al. 
1930). The development of cinefluoroscopy and vid- 
eofluoroscopy has significantly improved the ability 
to study the motor function of the pharynx and 
esophagus in detail. The pharyngeal and esophageal 
transport of liquid and solid boluses can be stud- 
ied in real time and in slow motion. Although slow 
motion analysis is more crucial for the assessment 
of pharyngeal function, video recording of esopha- 
geal bolus transport is also essential for a thorough 
analysis of the esophagus. Subtle abnormalities of 
motor function may go undetected during real time 
observation of swallowing. 

5.1.2 

Normal Function of the Esophagus 
and the Lower Esophageal Sphincter 

The esophagus is a tubular muscular structure, mea- 
suring approximately 23 cm in length (Li et al. 1994), 
which comprises outer longitudinal and inner circu- 
lar muscle fibres. The proximal part of the esophagus 
consists of striated muscle fibres, whereas the distal 
part is composed of smooth muscle. The level of the 
transition zone between striated and smooth muscle 
is highly variable, with only the proximal 4 cm of 
the esophagus always composed of striated muscle. 
This dual structure of the esophageal musculature 
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comprising striated muscle and smooth muscle fibres 
is significant in diseases that selectively affect either 
striated or smooth muscle. At the distal end of the 
esophagus, the tubular esophagus widens to the ves- 
tibular esophagus. 

The lower esophageal sphincter between the ves- 
tibular esophagus and the stomach measures 3 to 5 
cm in length. The lower esophageal sphincter cor- 
responds to the high-pressure zone at the esophago- 
gastric junction seen on esophageal manometry 
(Cohen 1979). 

5.1. 2.1 

Primary and Secondary Peristalsis 

Swallowing of a bolus triggers a primary peristaltic 
contraction wave in 95-96% of patients (Richter 
et al. 1987), which propagates with a velocity of 
2-3.5 cm/s. Manometric studies have revealed that 
the lower esophageal sphincter has a resting pressure. 
Upon swallowing, the sphincter relaxes some sec- 
onds after triggering of swallowing. Radiologically, 
the lower esophageal sphincter is pushed open by 
the bolus arriving at the gastroesophageal junction 
(Dodds 1977). Immediately after bolus passage, the 
sphincter re-contracts (Dodds 1977). The amplitude 
and propagation velocity of primary peristalsis is 
modulated by bolus consistency, volume, and tem- 
perature (Dooley et al. 1988). If there is residual 
bolus in the esophagus or if there is a gastroesopha- 
geal reflux, a secondary peristaltic contraction wave 
can be triggered by the volume remaining in the 
esophagus to clear the esophagus. Both primary and 
secondary esophageal contractions are peristaltic 
and considered normal. 

5.1. 2.2 

Nonpropulsive (or Tertiary) Contractions 

Non-propulsive (or tertiary) contractions may also 
be seen in the esophagus during videofluoroscopy 
or manometry. They result in segmental muscular 
contractions, which are not propagated to the distal 
esophagus. They may occur simultaneously at mul- 
tiple sites and they may be repetitive. They occur 
spontaneously or may be triggered by swallowing or 
other stimuli, such as acoustic emissions (Stacher et 
al. 1979). In young adults, these non-propulsive con- 
tractions are rarely seen upon swallowing (Richter 
et al. 1987). The prevalence and severity of non-pro- 
pulsive contractions increases with age (Grishaw 
et al. 1996). Most often, they are signs of abnormal 
esophageal function. 



5.1. 2.3 

Radiologic Evaluation of Esophageal Motor 
Function 

Radiologic evaluation of esophageal function always 
includes assessment of the esophageal body as well 
as the pharyngo-esophageal and lower esophageal 
sphincters. In contrast to the assessment of pharyn- 
geal function, esophageal peristalsis can be assessed 
in real-time. However, videotaping of a study is help- 
ful to allow repeated analysis of bolus transport that 
would demonstrate subtle abnormalities. Esophageal 
function should be assessed in all patients who suffer 
from dysphagia or globus sensation when referred 
for a videofluoroscopic study. One must be careful 
in patients with clinically suspected aspiration. The 
study should always be initiated with an examination 
of pharyngeal function. If there is only laryngeal pen- 
etration or minimal aspiration of the contrast mate- 
rial, the examiner can proceed to assess esophageal 
function. In general, the administration of i.v. gluca- 
gon or Buscopan® should be avoided. Glucagon and 
Buscopan can alter the esophageal bolus transit and 
produce relaxation of the gastroesophageal sphinc- 
ter, resulting in spontaneous gastroesophageal reflux 
(Anvari et al. 1989). For esophageal motor function 
studies, low density barium (app. 100% g/v) should 
be used. Barium at this consistency flows easily and is 
radio-opaque enough to provide good contrast in the 
esophagus. Since it is known that bolus viscosity alters 
peristalsis, thick high-density barium or barium paste 
should not be used. In case of aspiration, a limited 
study of esophageal function with iodinated, non- 
ionic contrast material may be considered. 

For assessment of esophageal peristalsis, the 
observation of “single swallows” is essential. Repeti- 
tive swallowing inhibits the propagation of esopha- 
geal peristalsis (Meyer et al. 1981), a phenomenon, 
which is referred to as “deglutitive inhibition.” If the 
patient swallows repeatedly within 5-10 sec, every 
new peristaltic contraction generated by swallow- 
ing will inhibit the preceding peristaltic contrac- 
tion. Radiologically, this may be misinterpreted as 
impaired peristalsis or nonpropulsive contractions. 
After the end of a series of repeated swallows, a large 
contraction wave will “clear” the esophagus. There- 
fore, the size of the bolus administered is critical for 
assessment of esophageal peristalsis: we routinely 
use a bolus size of 10 ml of barium to ensure that the 
patient swallows only once. In contrast, rapid repeti- 
tive swallows maximally distend the esophagus for 
morphologic evaluation (e.g., the search for Schatzki 
rings). 



Radiologic Evaluation of Esophageal Function 



111 



Esophageal peristalsis is assessed in the upright 
and in the prone oblique position. Usually, swal- 
lows in the prone oblique position provide more 
information, because gravity does not support bolus 
transit. The peristaltic contraction wave occludes the 
esophageal lumen, giving the bolus tail typically an 
inverted “V”-shape (Fig. 5.1.1). It propels the com- 
plete bolus through the esophagus into the stomach. 
The proximal escape of a small amount of barium is 
not considered abnormal (Schima et al. 1992). Swal- 
lows in the upright position are sometimes of value, 
because they may reveal subtle motor abnormalities 
not seen in the prone oblique position (Sears et al. 
1989). In the upright position, bolus transit through 
the esophagus is normally rapid. The persistence of 
an air-fluid level (“support level”) is indicative of the 
presence of a disordered motor function or a stenosis 
(Schober et al. 1993). 

The use of up to 10 swallows per patient during 
videofluoroscopy has been shown to be more sensi- 
tive for the detection of subtle motor abnormalities 



(Hewson et al. 1990). However, in clinical practice, 
the number of swallows observed must be limited 
because of radiation exposure, practicability, and 
patient comfort. Therefore, our routine examina- 
tion protocol includes the observation of one bolus 
in the upright position and three boluses in the 
prone oblique position. The diagnostic value of 
videofluoroscopic studies in dysphagic patients can 
be increased by using solid barium-soaked marsh- 
mallows or globules, tablets, or rice (Aksglaede 
et al. 1992; Schwickert et al. 1993; Ott et al. 1991; 
Hannig et al. 1990). 

5 . 1.3 

Examination Technique (Schima et al. 1 995) 

1. Upright position, LPO (left posterior oblique): the 
patients takes a bolus of low-density barium and 
is asked to swallow only once. The LPO position is 
preferred to avoid superposition of the esophagus 




Fig. 5.1.1a-c. Normal esophageal motility. Patient is placed in the prone oblique position. There is a peristaltic contraction 
wave, which occludes the esophageal lumen, resulting in the typical inverted “V” shape ( arrows ) of the bolus tail. In Figure 
a to c, distal propagation of the bolus is evident 
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by the spine and to provide better visualization of 
the gastroesophageal segment. 

2. After tilting of the table, the patient is turned to a 
prone oblique position. The patient takes a bolus 
with a straw. Up to three swallows are recorded. 
Imaging is centred on the tail of the bolus to look 
for proximal escape and stasis of the barium. 

3. Assessment of the gastroesophageal reflux: reflux 
may or may not occur spontaneously during the 
examination. There are also provocative tests to 
elicit gastroesophageal reflux, including placing the 
patient in the Trendelenburg position, the water- 
siphon test, the Valsalva manoeuvre, and turning of 
the patient (Stewart 1981). We use only the latter 
two tests, which are more physiological than the 
former two. If reflux is noted during the examina- 
tion, spot-film or video recording should be used 
to document it. 

4. Solid bolus in the upright position: if the patient 
suffers from dysphagia for solids and the examina- 
tion with liquid barium does not reveal the cause, 
a solid bolus (barium-soaked cookies, marsh mal- 
lows, tablets, etc.) may be used. Transit of solid 
food may be slow in some individuals. There is 
no standardized reference value for evaluation 
of solid food transit (Pouderoux et al. 1999). 
The best indicator for the presence of a signifi- 
cant stenosis (i.e., a Schatzki ring or a malignant 
stricture) or a motor abnormality is the induction 
of the typical symptoms of “food sticking in the 
throat” by a retained solid bolus. 

5. Double-contrast and mucosal relief films of the 
esophagus and the lower esophageal sphincter 
(see Chapter on Esophageal Morphology) 

5.1.4 

Esophageal Motility Disorders 

Esophageal motor disorders can be divided into two 
major categories. Primary motor disorders occur 
independent of other diseases and include achalasia, 
diffuse esophageal spasm, non-specific esophageal 
motor abnormalities (NOMD), and nutcracker 
esophagus. Secondary motor disorders include a long 
list of motor abnormalities seen in conjunction with 
other diseases (Table 5.1.1). Classification of motor 
disorders is based on manometric findings. Diagnosis 
of a secondary motor abnormality requires, in addi- 
tion, the diagnosis of an extra-esophageal disorder 
known to affect the esophagus. Esophageal motility 
disorders present with the non-specific symptom of 
dysphagia or chest pain. Although the clinical pre- 



Table 5.1.1. Classification of esophageal Motility Disorders 

Primary Motility Disorders 

Achalasia 

Diffuse esophageal spasm 
Nutcracker esophagus 
Esophageal atresia 

Non-specific esophageal motor disorders 

Secondary Motility Disorders 

Connective Tissue Diseases: 

Progressive systemic sclerosis 

Dermatomyositis 

Polymyositis 

Mixed connective tissue disease 
Lupus erythematosus 
Endocrine disease: 

Diabetes mellitus 
Myxoedema 
Hyperthyroidism 
Metabolic disorders: 

Alcohol-induced 
Amyloidosis 
Infectious disorders: 

Chagas disease 
Candida 
Herpes 
Chemical: 

Gastroesophageal reflux 
Caustic agents 
Muscular disorders: 

Myasthenia gravis 
Muscle dystrophy 
Neurologic diseases: 

Parkinson’s disease 

Guillain-Barre-syndrome 

Poliomyelitis 

Amyotrophic lateral sclerosis 
Multiple sclerosis 
Immunologic 

Chronic graft-versus-host disease 
Eosinophilic esophagitis 
Iatrogenic 

Medication 

(anticholinergic agents, benzodiazepines, barbiturates, etc.) 

Radiation 

Post vagotomy 



sentation may be the same in patients with different 
motor abnormalities, it is important to characterize 
the abnormality precisely. The optimal therapy is 
based on the specific knowledge of a manometric 
abnormality and may differ considerably between 
different groups. However, esophageal manometry is 
not widely available and in most cases not the first 
diagnostic test in patients with dysphagia. In these 
patients, either endoscopy or barium radiography 
is recommended in many institutions and coun- 
tries (RCR Working Party 1998) (Czembirek et 
al. 2000). Radiographic assessment, in particular 
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videofluoroscopic recording, has been shown to be 
very useful in detecting and reliably characterizing 
esophageal motor abnormalities (Ott et al. 1987; 
Ott et al. 1990; Schima et al. 1992). 



5.1.5 

Primary Motor Disorders 

5 . 1 . 5.1 
Achalasia 

Achalasia is the most widely known esophageal 
motor disorder. It is characterized by aperistalsis 
in the esophageal body and incomplete relaxation 
of the lower esophageal sphincter upon swallowing 
(Stacher et al. 1994; Richter 2001). The aetiology 
is not exactly known, but histopathologic lesions have 
been found in the dorsal motor nuclei of the brain 
stem, the vagal branches, and the myenteric plexus 
of the esophagus. Diagnosis of achalasia should be 
suspected when patients present with a long history 



of slowly progressive dysphagia for solids and liq- 
uids. Regurgitation of saliva and food immediately 
after swallowing (in contrast to gastroesophageal 
reflux) is common. Achalasia may also present as 
(non-cardiac) chest pain. Some patients complain 
of heartburn, despite the fact that incomplete open- 
ing of the lower esophageal sphincter is one of the 
key features of achalasia (Spechler et al. 1995). 
Esophageal manometry is the gold standard for the 
diagnosis of achalasia. Resting pressure of the lower 
esophageal sphincter is either normal or high, and 
there is incomplete relaxation of the sphincter upon 
swallowing. In the esophageal body, aperistalsis is 
present. Contractions are simultaneous and some- 
times even of high amplitude (so-called “vigorous 
achalasia”) (Goldenberg et al. 1991). 

Radiologically, there is a typical appearance of 
esophageal dilatation with beak-like narrowing of 
the lower esophageal sphincter (Meshkinpour et 
al. 1992). Early in the disease, the esophagus has 
a normal diameter (Fig. 5.1.2). With progression 
of the disease, the esophagus becomes dilated and 




Fig. 5.1.2a, b. Achalasia - early stage, a Videofluoroscopy in the upright position reveals a support level of contrast material 
indicative of delayed transit (arrow). The esophagus is not dilated, b In the prone oblique position there is aperistalsis. The 
arrow indicates a nonpropulsive contraction, which leaves most of the bolus retained in the proximal esophagus. Radiologic 
findings are indicative of a motor disorder, but diagnosis of a specific motor disorder can not be made. Subsequently, manom- 
etry revealed the presence of achalasia 
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retains food and saliva (Fig. 5.1.3). In advanced cases, 
esophageal dilatation may be severe (so-called “sig- 
moid esophagus”) (Fig. 5.1.4) (Schima et al. 1993). 
Barium radiography has a low sensitivity in detecting 
achalasia, as alterations in esophageal morphology 
are present in advanced cases only. The radiologic 
staging system for achalasia according to Brom- 
bart is based on the grade of esophageal dilatation 
(< 4 cm, 4-6 cm,> 6 cm diameter) (Brombart 1980), 
which explains the low sensitivity of single-contrast 
upper gastrointestinal studies. 

Multi-phasic radiographic evaluations includ- 
ing fluoroscopic assessment of esophageal motility 
without videotaping have been found to be more 
accurate in diagnosing achalasia. With videofluo- 
roscopy, diagnosis is based not only on morphologic 
alterations of the esophagus, but also on assessment 
of functional abnormalities. Videofluoroscopy may 
reveal incomplete lower esophageal sphincter open- 
ing with delayed transit into the stomach. The feature 
of a transient support level of barium in the upright 
position is a non-specific sign, but this sign hints 
at the presence of either a motor abnormality or a 
distal stenosis (Fig. 5.1.2). The sensitivity of radio- 
logic studies (either barium radiography or video- 
fluoroscopy) for the detection of achalasia has been 
reported to be 58-95% (Howard et al. 1992; Ott et 




Fig. 5.1.3. Advanced achalasia. Barium radiography reveals 
moderate esophageal dilatation with retention of barium and 
secretions. There is the typical beak-like narrowing of the 
lower esophageal sphincter 



al. 1987; Schima et al. 1992; Schima et al. 1998). The 
wide range of reported sensitivities can be explained 
by variations in examination technique and patient 
populations. As described, the diagnosis is much 
more difficult to make in patients with early stages 
of the disease when esophageal dilatation is not yet 
present. 

Several studies have reported a relation between 
achalasia and esophageal carcinoma. Patients with 
long-standing achalasia are at increased risk of carci- 
noma. The exact cause is unknown, but chronic stasis 
of food and saliva has been suggested. The reported 
incidences range from 1.7 to 20% (Meijssen et al. 
1992). In a large prospective trial, the risk of devel- 
oping cancer in patients with achalasia was found 
to be increased 33-fold, for a total of 3.4 cancers/ 
1000 patients per year. Close follow-up of patients 
with achalasia is therefore strongly recommended 
(Meijssen et al. 1992). 



5.1. 5.2 

Pseudoachalasia (Malignancy-induced Achalasia) 

Malignancies involving the gastroesophageal junc- 
tion can result in a clinical syndrome, pseudoacha- 
lasia, that mimics idiopathic achalasia. Pseudoacha- 
lasia is most often caused by adenocarcinoma of the 




Fig. 5.1.4. Long-standing achalasia. In this patient with a 36- 
year history of untreated achalasia, there is massive dilatation of 
the esophagus, which nearly fills the right hemithorax (Schima 
et al: Syncope after eating. New Engl J Med 1993; 328: 1572. © 
1993 Massachusetts Medical Society. All rights reserved) 
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fundus invading the distal esophagus. Other causes 
are squamous carcinoma of the distal esophagus 
and hematogenous metastatic disease of the gas- 
troesophageal junction with submucosal spreading 
(Dodds et al. 1986; Parkman et al. 1993; Kahrilas et 
al. 1987). Conventional esophageal manometry may 
not differentiate between idiopathic achalasia and 
pseudoachalasia. However, the correct diagnosis can 
be determined in most cases by observing clinical 
history and radiologic features. The mean duration 
of dysphagia is much shorter in patients with malig- 
nant pseudoachalasia than in idiopathic achalasia 
(1.9 months vs. 4.5 years) (Woodfield et al. 2000) 
and there is pronounced weight loss over time in 
malignancy-induced achalasia (Reynolds et al. 
1989; Tremble 1959). Radiologically, the narrowed 
segment is longer in pseudoachalasia (4.4 cm vs. 
1.9 cm) and reveals nodularity and abrupt proximal 
borders rather than a beak-like narrowing (Fig. 5.1.5) 
(Woodfield et al. 2000). The muscle-relaxing effect 
of amyl nitrite inhalation can be used to help make 
the correct diagnosis during barium radiography. 
After administration, there is relaxation of the lower 
esophageal sphincter with a subsequent opening of 
2 mm or more in sphincter diameter (Dodds et al. 
1986). In pseudoachalasia with tumour infiltration, 
the sphincter is unaffected by amyl nitrite. Computed 
tomography is also helpful in differentiating the two 
syndromes. Circumferential thickening of the lower 
esophageal sphincter of less than 10 mm is indica- 
tive of idiopathic achalasia, whereas pseudoachalasia 
patients have CT findings of marked or asymmetric 
wall thickening or a mass (Carter et al. 1997). When 
pseudoachalasia is suspected on the basis of clinical 
history and radiologic features, negative findings at 
endoscopy or biopsy should be viewed with caution 
(Tremble 1959). Repeated biopsies, endoscopic 
ultrasound, or even surgical exploration may finally 
lead to the diagnosis of malignancy-induced pseu- 
doachalasia. 

5.1. 5.3 

Diffuse Esophageal Spasm 

The incidence of diffuse esophageal spasm is much 
lower than that of achalasia. Diffuse esophageal 
spasm is characterized by substernal chest pain, 
dysphagia, and the manometric evidence of simul- 
taneous non-propulsive contractions on >10% of 
swallows with intermittent normal peristaltic con- 
tractions (Richter and Castell 1984). Differentia- 
tion between diffuse spasm and vigorous achalasia 
is based on the presence of normal relaxation of 




Fig. 5.1.5. Pseudoachalasia due to adenocarcinoma of the 
cardia. Barium radiography reveals moderate esophageal dila- 
tation similar to that seen in achalasia. However, narrowing of 
the gastroesophageal junction does not appear beak-like. It is 
more irregular (arrow) 



the lower sphincter in the former. However, diffuse 
esophageal spasm may evolve into vigorous achalasia 
or classic achalasia over time (Hannig and Wuttge- 
Hannig 1987). 

The classic radiologic features of diffuse spasm 
are the presence of severe non-propulsive contrac- 
tions causing esophageal curling or a “corkscrew” 
or “rosary bead” appearance (Chen et al. 1989) 
(Fig. 5.1.6). In two large studies by Ott et al., the cor- 
rect diagnosis of diffuse spasm was made radiologi- 
cally in 55-71% of patients (Ott et al. 1987; Ott et 
al. 1990). Incomplete or absent peristalsis and non- 
propulsive contractions are present in 71-76% of 
patients (Chen et al. 1989). However, radiologic find- 
ings are often non-specific and do not allow making 
the diagnosis of diffuse esophageal spasm. Therefore, 
patients with otherwise unexplained chest pain and 
radiologic evidence of a non-specific esophageal 
contraction abnormality should be referred for 
manometry. 
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Fig. 5. 1.6a, b. Diffuse esophageal spasm, a Videofluoroscopy shows severe non-pro- 
pulsive contractions, which give the esophagus a corkscrew appearance, b Barium 
radiography shows partial relaxation of these transient contractions. There is for- 
mation of pseudodiverticulum-like sacculations between the contractions 




5.1. 5.4 

Nutcracker Esophagus 

As more patients with non-cardiac chest pain were 
studied manometrically, an abnormality clearly dif- 
ferent from diffuse spasm was recognized in 1979 
(Benjamin et al. 1979). In the so-called “nutcracker 
esophagus,” primary peristalsis is preserved, but 
there are peristaltic contractions of high amplitude 
and long duration. The diagnosis of nutcracker 
esophagus is made at manometry. 

It is known that approximately 20% of patients 
admitted to cardiac care units show no abnormality 
in a detailed cardiac work-up (Bassotti et al. 1998). 
In a large percentage of these patients with non- 
cardiac chest pain, nutcracker esophagus or diffuse 
esophageal spasms are present. 



Radiologically, the diagnosis is difficult, because 
peristalsis is intact. Chobanian et al. found non-spe- 
cific abnormalities of esophageal bolus transit in 36% 
of patients (Chobanian et al. 1986). These findings 
were confirmed in a study by Ott et al.: in a series 
of 170 patients suffering from chest pain, nutcracker 
esophagus was even more prevalent than diffuse esoph- 
ageal spasm, but a specific radiologic diagnosis could 
not be made in any of the patients (Ott et al. 1990). 

5.1. 5.5 

Esophageal Atresia 

In infants with esophageal atresia, Vogt’s classification 
is based on the presence and location of an esoph- 
ago-tracheal fistula (Hasse 1968). After esophageal 
repair, swallowing difficulties are common. The most 
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common source of postoperative dysphagia is the pres- 
ence of strictures. However, esophageal dysfunction is 
also common (Auringer and Sumner 1994). There 
is absence of swallow-induced primary peristalsis and 
secondary peristaltic contractions have lower ampli- 
tudes than those seen in normal infants (Daum and 
Keuerleber 1969). 

5.1. 5.6 

Non-specific Esophageal Motor Disorders (NOMD) 

By far the most common esophageal motor disorders 
are non-specific contraction abnormalities. They may 
be idiopathic (primary) or secondary to a variety of 
extra-esophageal diseases (Table 5.1.1). Manometri- 
cally, contraction waves with multiple peaks, peri- 
staltic waves with decreased amplitude, and isolated 
simultaneous or spontaneous contractions may be 
found (Gelfand and Botoman 1987). These contrac- 
tion abnormalities do not fit into one of the above- 
mentioned categories of specific motor disorders. 

Radiologically, incomplete or absent peristalsis 
and non-propulsive contractions can be seen. The 
sensitivity of radiographic studies is only 46-73%, 
because intermittent contraction abnormalities 
may elude radiographic detection (Ott et al. 1987; 
Schima et al. 1992). Clinically, it is important to 
search for underlying diseases, such as diabetes, 
alcoholism, or progressive systemic sclerosis, which 
may cause esophageal motility disorders (secondary 
motility disorders). In these cases, therapy is directed 
at the underlying disorder. 

5.1. 5.7 

Presbyesophagus 

In 1964, Soergel et al. reported a high incidence of 
esophageal motor abnormalities in elderly indi- 
viduals, for which they coined the term “presbye- 
sophagus” (Soergel et al. 1964). In their study on 
nonagenarians, non-propulsive contractions were 
prevalent in 10 of 15 patients. However, the existence 
of such a clinical entity has been much disputed. In 
another study (Hollis and Castell 1974), esopha- 
geal peristalsis was not found to be abnormal in 
elderly healthy individuals. It has been suggested 
that the increased prevalence of esophageal motor 
abnormalities is likely a function of an increased 
prevalence of underlying diseases, such as diabe- 
tes and neuromuscular disorders, which can affect 
esophageal motility (Ekberg and Feinberg 1991; 
Price and Castell 1978). It is most important in 
elderly individuals with newly developed dysphagia 



to rule out the presence of a tumour or a stricture 
before making the diagnosis of a motor disorder. 

5.1.6 

Secondary Motility Disorders 
5.1. 6.1 

Progressive Systemic Sclerosis (PSS) 
and other Connective Tissue Diseases 

Esophageal dysmotility is a well-known feature of pro- 
gressive systemic sclerosis (or scleroderma) (Camp- 
bell and Schultz 1986) and other connective tissue 
diseases. PSS often affects the gastrointestinal tract, 
especially the esophagus and the small bowel, resulting 
in fibrosis and atrophy of smooth muscle. Esophageal 
involvement in PSS where the smooth muscle seg- 
ment is affected results in hypomotility of the distal 
esophagus with absence of peristalsis and a patulous 
lower esophageal sphincter. Gastroesophageal reflux 
is common because of the incompetent sphincter, and 
refluxed acidic gastric contents are not readily cleared 
from the esophagus by secondary peristalsis. Esopha- 
geal symptoms, especially heartburn and dysphagia, 
are common in PSS. Such symptoms are found in up 
to 50% of patients (Sprung and Gibb 1985). 

In the early stages of esophageal involvement, 
there is weak peristalsis in the distal esophagus 
(Montesi et al. 1991). Radiographically, the esopha- 
gus may be air-distended for a prolonged period 
after swallowing, without exhibiting the typical 
swallowing-induced collapse of the lumen due to a 
peristaltic contraction. In the prone oblique position, 
hypomotility is present in the distal esophagus with 
retention of barium (Fig. 5.1.7). With more advanced 
disease, esophageal dilatation and a patulous lower 
esophageal sphincter are apparent (Fig. 5.1.8). In the 
prone oblique position, complete aperistalsis with 
severe retention of barium (and saliva) will be found. 
Oropharyngeal dysfunction, including pharyngeal 
retention and aspiration, is found in 26% of patients 
(Montesi et al. 1991). Patients with an oropharyn- 
geal disorder have a higher incidence of PSS-related 
pulmonary disease. 

As esophageal dysmotility progresses, gastroesoph- 
ageal reflux and its sequelae will predominate. Severe 
reflux esophagitis, strictures, and Barrett esophagus 
develops (Fig. 5.1.8). In the early advanced stages of 
the disease, differentiation between PSS and achalasia 
can be made with a high level of certainty. Although 
aperistalsis and esophageal dilatation is present in 
both diseases, the shape of the gastroesophageal junc- 
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Fig. 5.1.7.a, b Progressive systemic sclerosis: early stage, a Videofluoroscopy in the prone oblique position shows normal peri- 
staltic contraction in the proximal, striated muscle part of the esophagus, b The peristaltic wave subsides in the middle third 
of the esophagus with massive retention of barium, indicative of hypomotility. Together with clinical history, this is typical of 
esophageal involvement in PSS 




Fig. 5. 1.8a, b. Progressive systemic sclerosis: advanced disease, a Barium radiography demonstrates esophageal dilatation and 
a widely patent gastroesophageal junction (arrows), b In another patient, there is obvious distal fold thickening indicative of 
reflux esophagitis. Barium radiography also shows a slight peptic stricture in the distal esophagus (arrow) 
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tion is markedly different. However, the development 
of distal peptic strictures in PSS may be confusing, 
although these strictures almost never have the bird 
beak-like appearance seen in achalasia. 

PSS patients with severe reflux esophagitis are at 
increased risk of developing Barrett esophagus and, 
subsequently, adenocarcinoma (Sprung et al. 1985). 
Although barium radiography and videofluoroscopy 
are very sensitive (67-100%) for the detection of motor 
dysfunction in PSS (Campbell et al. 1986; Schima et 
al. 1992), these tests are not very accurate in the detec- 
tion of peptic complications. For this reason, close 
endoscopic surveillance of PSS patients with reflux 
esophagitis and peptic strictures is recommended. 

Esophageal dysmotility has also been reported to 
occur in patients with dermatomyositis/polymyosi- 
tis and mixed connective tissue disease. Findings at 
radiography are non-specific, including low-ampli- 
tude peristalsis, aperistalsis, and delayed esophageal 
emptying at scintigraphy (Marshall et al. 1990; 
Horowitz et al. 1986). 

5.1. 6.2 

Diabetes Mellitus 

Esophageal symptoms are common in patients with 
diabetes, and the likelihood of dysphagia is more than 
three-fold higher compared to non-diabetic controls 
(Bytzer et al. 2001). Esophageal motor dysfunction 
has been demonstrated, characterized by weak peri- 
stalsis and increased frequency of non-propulsive con- 
tractions (Hollis et al. 1977; Holloway et al. 1999). 
Not surprisingly, a relation between the presence of 
esophageal dysmotility and diabetic neuropathy has 
also been reported (Mandelstam et al. 1969; Hollis 
et al. 1977). It has been suggested that autonomic 
neuropathy of the vagal nerve supplying the esopha- 
gus plays a major role in the development of diabetic 
dysmotility (Holloway et al. 1999). Radiographically, 
weak peristalsis or non-propulsive contractions can be 
observed (Borgstrom et al. 1988). 

5.1. 6.3 

Chagas Disease 

Chagas disease (South American trypanosomiasis) is 
caused by infection with the protozoon Trypanosoma 
cruzi (Dantas et al. 1999). In the chronic phase of the 
disease, it most often involves the heart, esophagus, 
and colon, causing cardiomegaly, megaesophagus, 
and megacolon. Chagas disease and achalasia share 
the same histopathologic lesion, and the loss of gan- 
glion cells within the esophageal myenteric plexus 



(Dantas et al. 2001), which are destroyed by the 
infectious organism in Chagas disease. The clinical 
and radiological appearance of achalasia and Chagas 
disease maybe identical (Fig. 5.1.9). Manometry may 
help to differentiate the two by identifying a higher 
resting pressure of the lower esophageal sphincter 
pressure in Chagas disease. The geographic origin 
of the patient may also provide a clue to the right 
diagnosis, and proof of Chagas disease is based on 
serologic testing. 

5.1. 6.4 

Other Secondary Motility Disorders 

There is a variety of other diseases and clinical con- 
ditions, that may affect the esophagus and cause a 
secondary motility disorder (Table 5.1.1), including 
amyloidosis (Rubinow et al. 1983; Lefkowitz et al. 
1989; Burakoff et al. 1985), alcoholism (Grande et 
al. 1996), myxedema (Wright and Penner 1981), 
hyperthyroidism, Parkinsonism (Leopold and 
Kagel 1997), graft-versus-host disease (Schima 




Fig. 5.1.9. Megaesophagus in a 14-year-old boy with Chagas 
disease. Barium radiography reveals esophageal dilation with 
tapering of the sphincter indistinguishable from idiopathic 
achalasia ( Image courtesy of Roberto Dantas, Ribeirao Preto, 
Brazil) 
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et al. 1994), and Sjogren syndrome (Kjellen et 
al. 1986; Palma et al. 1994). In all these diseases, 
except progressive systemic sclerosis and Chagas 
disease, which give a typical radiographic appear- 
ance, non-specific esophageal function abnormali- 
ties have been found. Therefore, in all patients with 
an otherwise unexplained dysphagia and a non- 
specific esophageal contraction abnormality, the 
search should be directed towards the detection 
and therapy of an underlying disease. 

5 . 1.7 

Esophageal Diverticula Associated 
with Motility Disorders 

Esophageal diverticula are included in this chapter 
because they are associated with an esophageal 
motility disorder in the vast majority of cases. Clas- 
sification is based in the location: Zenker’s diverticu- 
lum above the pharyngo-esophageal sphincter (i.e., a 
pharyngeal diverticulum that will not be covered in 
this chapter), midesophageal diverticulum just infe- 
rior to the level of the aortic arch, and epiphrenic 
diverticulum just above the diaphragm. 

5.1. 7.1 

Midesophageal Diverticula 

In the past, midesophageal diverticula have been 
widely considered to be traction-type diverticula 
of no clinical significance (Schmidt et al. 1991). 
Recently, this view has been questioned by some 
studies, which have shown that these diverticula 
resemble more the pulsion-type diverticula (Borrie 
and Wilson 1980; Evander et al. 1986). In 1974, Kaye 
reported on associated esophageal motor disorders 
found at manometry (Kaye 1974). In a series of 12 
patients, diffuse spasms and nonspecific contraction 
abnormalities were the most common findings. 

Based on radiographic findings, Rivkin et al. 
pointed out that midesophageal diverticula are 
likely of the pulsion-type. The pear-shaped con- 
figuration of most diverticula and their move- 
ment on swallowing resembles the appearance of 
Zenker’s and epiphrenic diverticula (Rivkin et 
al. 1984). In our study including 30 patients with 
33 midesophageal diverticula, 80% were diagnosed 
as propulsion-type diverticula based on radio- 
graphic findings. Diverticula were classified as 
pulsion-type when they were pear-shaped, when 
the size and shape changed during bolus passage, 
and when there was up- and downward movement 



of the diverticulum of at least 2 cm upon swal- 
lowing (Fig. 5.1.10) (Schima et al. 1997). In this 
study, 88% of patients with a pulsion diverticulum 
suffered from an esophageal motor disorder, and 
6/20 (30%) cases were diagnosed as achalasia upon 
videofluoroscopy and manometry (Schima et al. 
1997). In conclusion, midesophageal diverticula in 
symptomatic patients are primarily of the pulsion- 
type and tend to be associated with esophageal 
motor disorders. 

5.1. 7.2 

Epiphrenic Diverticula 

Epiphrenic diverticula are generally associated with 
and probably caused by an underlying esophageal 
motor dysfunction. Approximately two -thirds of 
patients will have specific motor disorders, with acha- 
lasia the most common (Bruggeman and Seaman 
1973; Debas et al. 1980) (Fig. 5.1.11). The high per- 
centage of motor abnormalities in association with 
epiphrenic diverticula determines the therapeutic 
and especially the surgical approach. Patients should 
always be referred for manometry to search for a cur- 
able manometric disorder before surgical resection 
of a “symptomatic” midesophageal diverticulum 
(Fig. 5.1.10). In these cases, diverticulectomy alone 
carries the risk of postoperative suture breakdown 
and predisposes the patient to later recurrence of the 
diverticulum (Rivkin et al. 1984). Myotomy of the 
lower esophageal sphincter is now a routine part of 
the operation (Evander et al. 1986). 

5 . 1.8 

Gastroesophageal Reflux Disease (GERD) 
and Esophageal Function 

The term GERD covers the entire spectrum of clinical 
conditions and histologic esophageal alterations that 
result from gastroesophageal reflux (Dodds 1988). 
GERD is by far the most common cause of esophagi- 
tis in the general population. In the last 15 to 20 years, 
our knowledge about the aetiology and pathogenesis 
of gastroesophageal reflux and the development of 
esophagitis has considerably broadened. The patho- 
genesis is multifactorial and the factors believed to be 
important include (1) inadequate antireflux mecha- 
nisms, (2) chemical consistency of refluxed material, 
(3) esophageal clearance of refluxed material, (4) 
esophageal mucosal resistance, and (5) volume of 
gastric contents and efficacy of gastric emptying 
(Dodds et al. 1981; Dodds 1988). 
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Fig. 5.1.10a,b. Midesophageal propulsion diverticulum in a patient with non-specific motor disorder, a Spot-film of the esopha- 
gus taken during deglutition is normal b Another spot-film taken approximately 2 sec later shows outpouching of a propulsion 
diverticulum in the mid-esophagus (arrow). A non-specific motor disorder was found at videofluoroscopy 








Fig. 5.1.11. Giant epiphrenic diverticulum in a patient with 
achalasia. Barium radiography demonstrates massive esopha- 
geal dilatation and a severe narrowing of the gastroesophageal 
junction, indicative of achalasia ( black arrow). At videofluo- 
roscopy, there was only a minimal transient opening of the 
sphincter with passage of only small amounts of barium. 
There is a giant epiphrenic diverticulum ( white arrows) 
located above the sphincter 



5.1. 8.1 

Hiatal Hernia and Reflux 

In the past, the finding of a hiatal hernia has been 
considered the most important predisposing factor 
for the development of reflux. The exact prevalence 
of hiatal hernia in the general population remains 
unknown, largely because of the differences in 
examination techniques and diagnostic criteria 
(Fransson et al. 1989; Ott et al. 1985; Kahrilas et 
al. 1999). The relationship between the presence of a 
hiatal hernia and reflux disease remains controver- 
sial. Several studies have found that a hiatal hernia 
is much more common in patients with symptomatic 
reflux or abnormal findings at pH testing than in 
patients without reflux disease (prevalence, 80-94% 
vs. 59-60%) (Chen et al. 1992; Ott et al. 1985). More- 
over, the presence of a hiatal hernia reduces lower 
esophageal sphincter pressure, which may increase 
the susceptibility to reflux events (Kahrilas et al. 
1999). However, severe reflux esophagitis can also be 
found in patients without hiatal hernia (Kaul et al. 
1986). Thus hiatal hernia is a non-specific radiologic 
finding with a poor predictive value: the presence 
of a hiatal hernia does not predict the presence of 
GERD (Ott et al. 1995). Conversely, the absence of a 
hiatal hernia does not exclude severe reflux esopha- 
gitis (Kaul et al. 1986). 
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5.1. 8.2 

Gastroesophageal Reflux and Esophageal 
Function 

Effective esophageal peristalsis is a prerequisite for 
appropriate esophageal clearance of refluxed gastric 
contents. In normal subjects, a secondary peristaltic 
contraction is triggered by gastric contents refluxed 
into the esophagus, which rapidly clears the esopha- 
gus of the irritating agent. In patients with GERD, 
abnormalities of esophageal function are a common 
finding (Stein et al. 1990; Schoeman and Holloway 
1995). Motor function deteriorates with increasing 
severity of mucosal injury (Fib be et al. 2001). Swal- 
low-induced primary peristalsis is impaired in GERD 
patients . It has also been shown that patients with 
reflux disease exhibit a defect in the triggering of 
secondary peristalsis (Schoeman and Holloway 
1995). Instillation of water boluses or distension of 
the esophagus by air frequently fails to elicit a peri- 
staltic contraction in reflux patients. 

Interestingly, Timmer et al. demonstrated that 
impairment of esophageal peristalsis remained 
unchanged after healing of esophagitis (Howard 



et al. 1994; Timmer et al. 1994). Likewise, esophageal 
motility did not recover after fundoplication despite 
significant improvement in clinical symptoms and 
endoscopic signs of esophagitis (Fibbe et al. 2001). 
These results can be interpreted in two ways: first, 
deterioration of esophageal motility is irreversible in 
GERD; or, second, esophageal motility dysfunction is 
a preexisting factor in the pathogenesis of reflux dis- 
ease (Timmer et al. 1994). The lack of improvement 
of esophageal motility with healing of esophagitis 
explains the high recurrence of esophagitis (50%) 
at two months after discontinuation of omeprazole 
therapy (Howard et al. 1994). These facts support 
the hypothesis that dysmotility is rather induced by 
irreversible inflammatory changes of the esophagus. 
However, a conclusive answer to this question will 
require a large prospective study of reflux patients 
with normal motility to determine whether motility 
deteriorates over time. 

Both the barium swallow and radionuclide tran- 
sit studies are useful in detecting motor disorders in 
GERD patients. Abnormalities seen in reflux disease 
include weak or even absent primary peristalsis 
and nonperistaltic contractions (Ott 1994). Clear- 




Fig. 5. 1.1 2a, b. gastroesophageal reflux and reflux esophagitis, a In this patient with severe heartburn, there is spontaneous reflux 
of liquid barium and barium tablet in the right lateral position, b Double-contrast esophagram shows signs of severe reflux 
esophagitis in the distal esophagus with linear ulcerations (arrow) 
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ance of barium that has refluxed from the stomach 
can also be assessed in the recumbent position. At 
present, 24-h pH monitoring is the gold standard in 
the detection and quantitation of gastroesophageal 
reflux (Thompson et al. 1994). However, abnormal 
results at 24-h pH monitoring do not necessarily 
mean that the patient has clinical symptoms or endo- 
scopic signs of esophagitis and vice versa. Results of 
several studies evaluating the role of radiology in 
patients with GERD have been disappointing (Chen 
et al. 1992; Kaul et al. 1986; Johnston et al. 1996). 
A major reason for the poor performance of radiol- 
ogy is that there is only limited time for fluoroscopic 
observation of barium. Meta-analysis of 9 studies on 
radiographic detection of gastroesophageal reflux 
revealed an average sensitivity of 39% (Ott 1994). 
In a study by Thompson et al., the diagnostic yield of 
spontaneous and provoked gastroesophageal reflux 
during barium radiography was assessed. The detec- 
tion of spontaneous reflux revealed a sensitivity of 
26% and a specificity of 94%. Using provocative 
tests, including cough/Valsalva manoeuvre, rolling, 
and the water-siphon test, increased the sensitivity 
of radiography to 31%, 44%, and 70%, respectively 
(Thompson et al. 1994). However, with increasing 
sensitivity the specificity dropped to 74%. Thus, 
prolonged observation and the use of provocative 
manoeuvres increases the sensitivity of barium 
radiography in the detection of reflux (Fig. 5.1.12). 
The absence of a reflux episode during fluoroscopy 
does not exclude the presence of GERD. Radiologic 
studies are not accurate enough to be used as a 
screening test in GERD patients: However, they may 
help to discover complications of reflux disease and 
to define the anatomy of the gastroesophageal junc- 
tion in patients who are candidates for anti-reflux 
surgery. 

5.1.9 

Summary 

In patients with dysphagia, radiographic studies 
evaluate both esophageal morphology and esopha- 
geal function. Videofluoroscopy accurately diagnoses 
achalasia, diffuse esophageal spasm, and progressive 
systemic sclerosis (scleroderma). Videofluoroscopy 
is less sensitive for the study of non-specific motor 
disorders and gastroesophageal reflux. When accu- 
racy, costs, availability, and patient acceptance are 
considered (Parkman et al. 1996), videofluoroscopy 
is the initial diagnostic test for patients with esopha- 
geal dysphagia. 
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5 . 2 . 1 . 

Inflammatory Conditions 

5 . 2 . 1 . 1 . 

Reflux Esophagitis 

Reflux esophagitis is by far the most common inflam- 
matory disease of the esophagus. The severity of 
reflux esophagitis depends not only on the frequency 
and duration of reflux episodes but also on the con- 
tent of the refluxed material and the resistance of the 
esophageal mucosa (Pope 1994). Gastroesophageal 
reflux can be detected on barium studies, manom- 
etry, scintigraphy, and pH-monitoring techniques. 
However, reflux esophagitis can only be diagnosed 
by esophagography or endoscopy. 

Reflux esophagitis may be manifested on single 
contrast barium studies by thickened folds, decreased 
distensibility, and marginal ulceration. However, these 
findings are detected only in patients with advanced 
disease. In contrast, double contrast barium studies 
have a sensitivity approaching 90% for the diagnosis of 
reflux esophagitis because of the ability to detect super- 
ficial ulcers or other findings that cannot be visualized 
on single contrast studies (Creteur et al. 1983b). 
Conversely, prone single contrast views permit optimal 
distention of the distal esophagus for demonstration of 
hernias, rings, or strictures that are sometimes missed 
on upright double contrast views (Chen et al. 1985). 

Early reflux esophagitis may be manifested on 
double contrast studies by a finely nodular or granular 
appearance in the distal esophagus due to mucosal 
inflammation and edema (Fig. 5.2.1) (Kressel et al. 
1981). In almost all cases, this nodularity or granu- 
larity extends proximally from the gastroesophageal 
junction as a continuous area of disease. As the disease 
progresses, other patients may develop shallow ulcers 
and erosions seen as streaks or dots of barium in the 
distal esophagus (Fig. 5.2.2) (Laufer 1982). These 
ulcers sometimes are associated with radiating folds 
or surrounding halos of edematous mucosa. Occa- 
sionally, the ulcers maybe more widespread. However, 
ulceration in reflux esophagitis almost always involves 
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Fig. 5.2.1 Reflux esophagitis. Double-contrast view shows fine 
nodularity or granularity of mucosa in lower half of thoracic 
esophagus. Note how this granularity extends proximally from 
gastroesophageal junction as a continuous area of disease 

the distal esophagus, so the presence of one or more 
ulcers that are confined to the upper or midesophagus 
should suggest another cause for the patient's esopha- 
gitis. Others with reflux esophagitis may have a single 
dominant ulcer, most commonly on the posterior wall 
of the distal esophagus (Hu et al. 1997). It has been 
hypothesized that these ulcers are located posteriorly 
because of prolonged exposure to refluxed acid that 
pools posteriorly when patients sleep in the supine 
position (Hu, Levine, and Laufer 1997). 

Reflux esophagitis may also be manifested by 
thickened longitudinal folds due to inflammation 
and edema extending into the submucosa. These 
folds may have a smooth or lobulated contour, occa- 
sionally mimicking the appearance of esophageal 
varices. Other patients with chronic reflux esopha- 
gitis have a single prominent fold that arises in the 
gastric fundus and extends upwards into the distal 
esophagus as a smooth, polypoid protuberance, also 
known as an “inflammatory esophagogastric polyp- 
fold” (Fig. 5.2.3) (Bleshman et al. 1978). Because 
these lesions have no malignant potential, endos- 
copy is not warranted when typical esophagogastric 
polyps are found on double contrast studies. 




Fig. 5.2.2 Reflux esophagitis. Double-contrast view shows super- 
ficial, punctate and linear ulcers ( arrows ) in distal esophagus 
just above hiatal hernia 




Fig. 5.2.3 Inflammatory esophagogastric polyp. Single-con- 
trast view shows a prominent fold ( straight arrow) that arises 
at gastric cardia and terminates in distal esophagus as a 
smooth polypoid protuberance ( curved arrow) 
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5.2.1. 1.1. 

Peptic Scarring and Strictures 

As esophageal ulcers heal, localized flattening or 
puckering of the esophageal wall may occur at the site 
of healing. Further scarring leads to the development 
of circumferential strictures (also known as “peptic” 
strictures) which typically appear as smooth, tapered 
areas of concentric narrowing in the distal esophagus 
above a hiatal hernia (Fig. 5.2.4). However, asymmet- 
ric scarring can lead to asymmetric narrowing with 
focal sacculation of the wall between areas of fibro- 
sis. Scarring from reflux esophagitis can also lead to 
longitudinal shortening of the distal esophagus and 
the development of fixed transverse folds, producing 
a characteristic “stepladder” appearance due to pool- 
ing of barium between the folds (Fig. 5.2.5) (Levine 
and Goldstein 1984). These fixed transverse folds 
should be differentiated from the thin transverse 
folds (“feline” esophagus) often seen as a transient 
finding in patients with reflux. 

5.2.1. 1.2. 

Barrett’s Esophagus 

Barrett’s esophagus is characterized by progressive 
columnar metaplasia of the distal esophagus due 




Fig. 5.2.4. Peptic stricture. Double-contrast view shows a 
smooth, tapered area of concentric narrowing (arrow) in distal 
esophagus above small hiatal hernia 



to long-standing acid reflux and reflux esophagitis. 
Although the metaplastic segment in Barrett’s esoph- 
agus traditionally has been thought to extend 3 cm 
or more above the gastroesophageal junction, short- 
segment Barrett’s esophagus has also been described 
(Yamamoto et al. 2001). Barrett’s esophagus is 
important because it is associated with an increased 
risk of developing esophageal adenocarcinoma. 

The classic radiologic sign of Barrett’s esopha- 
gus is a high stricture or ulcer associated with a 
hiatal hernia and reflux (Fig. 5.2.6) (Levine 1995). 
However, strictures actually are more common in 
the distal esophagus in patients with this condition, 
so most cases do not fit the classic description of a 
high stricture or ulcer (Robbins et al. 1978). Another 
sign of Barrett’s esophagus is a distinctive reticular 
pattern characterized by tiny barium-filled grooves 
resembling the areae gastricae on double contrast 
studies of the stomach (Fig. 5.2.7) (Levine et al. 1983). 
However, this reticular pattern is also found in only a 
small percentage of patients with Barrett’s esophagus. 
Other more common findings in Barrett’s esophagus, 
such as reflux esophagitis and peptic strictures, often 
occur in patients with uncomplicated reflux disease. 
Thus, radiographic findings that are relatively specific 
for Barrett’s esophagus are not sensitive, and findings 
that are sensitive are not specific. 




Fig. 5.2.5 Mild peptic stricture with fixed transverse folds. 
Double-contrast view shows mild peptic stricture in distal 
esophagus with a series of incomplete transverse folds in region 
of stricture. Note how barium traps between folds (arrows), pro- 
ducing a characteristic “stepladder” appearance 
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Fig. 5.2.6 Barrett’s esophagus. Prone single-contrast view shows 
smooth, tapered stricture (arrow) in midesophagus above mod- 
erately large hiatal hernia 




Fig. 5.2.7 Barrett’s esophagus. Double-contrast view shows a 
tapered stricture (arrow) in midesophagus. Also note deli- 
cate reticular pattern of mucosa in region of stricture in this 
patient with proven Barrett’s esophagus 



Some investigators have employed a novel approach 
for evaluating patients with possible reflux disease. 
These patients were classified at high risk for Barrett’s 
esophagus if double- contrast radiographs revealed a 
high stricture or ulcer or a reticular pattern; at moder- 
ate risk if the radiographs revealed a distal stricture 
or reflux esophagitis; and at low risk if the esophagus 
appeared normal (Gilchrist, Levine et al. 1988). The 
vast majority of those classified at high risk on double 
contrast barium studies were found to have Barrett’s 
esophagus versus only 1% classified at low risk. Thus, 
the major value of double contrast esophagography 
in patients with possible reflux disease is its ability to 
stratify these individuals into various risk groups for 
Barrett’s esophagus to determine the relative need for 
endoscopy and biopsy. 

5 . 2 . 1 . 2 . 

Infectious Esophagitis 
5.2.I.2.I. 

Candida Esophagitis 

Candida albicans is the most common cause of infec- 
tious esophagitis (Haulk and Sugar 1991). It most 
often occurs as an opportunistic infection in immu- 
nocompromised patients, particularly those with AIDS, 
but others may develop candidiasis as a result of local 
esophageal stasis due to achalasia or scleroderma 
(Gefter et al. 1981). It should be recognized that the 
absence of oropharyngeal candidiasis does not exclude 
the diagnosis of esophageal candidiasis (Levine et al. 
1987). Single contrast barium studies have limited 
value in detecting this infection because of the super- 
ficial nature of the disease. In contrast, double contrast 
barium studies have a sensitivity of nearly 90% in diag- 
nosing Candida esophagitis (Levine et al. 1985). 

Candida esophagitis usually is manifested on 
double contrast studies by discrete plaque-like lesions 
corresponding to the characteristic white plaques 
seen on endoscopy (Levine et al. 1987). The plaques 
appear as linear or irregular filling defects which tend 
to be oriented longitudinally and are associated with 
normal intervening mucosa (Fig. 5.2.8). Patients with 
AIDS may develop a more severe form of Candida 
esophagitis characterized by a grossly irregular or 
“shaggy” esophagus due to coalescent plaques and 
pseudomembranes with trapping of barium between 
these lesions (Fig. 5.2.9) (Levine et al. 1987). Some 
of the plaques may eventually slough, producing 
deep ulcers on a background of diffuse plaque for- 
mation. Patients with scleroderma may also develop 
a “foamy” esophagus due to innumerable bubbles 
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Fig. 5.2.8 Candida esophagitis. Double-contrast view shows 
multiple discrete plaque-like lesions in midesophagus. Note 
how some plaques have a linear configuration. Also note how 
plaques are separated by segments of normal intervening 
mucosa 



Fig. 5.2.9 Advanced Candida esophagitis with “shaggy” 
esophagus. Double-contrast view shows a grossly irregular 
esophagus due to innumerable coalescent plaques and pseu- 
domembranes with trapping of barium between lesions. This 
patient had AIDS 



layering out in the barium column (Fig. 5.2.10); this 
phenomenon presumably results from infection by 
the yeast form of candidiasis (Sam et al. 2000). 

5.2.I.2.2. 

Herpes Esophagitis 

The herpes simplex virus type I is the second most 
frequent cause of infectious esophagitis. Herpes 
esophagitis is most commonly seen in immunocom- 
promised patients, but it occasionally may occur as 
an acute, self-limited disease in otherwise healthy 
patients who have no risk factors for opportunistic 
esophagitis (Shortsleeve and Levine 1992). 

Herpes esophagitis initially is manifested by small 
vesicles that subsequently rupture to form discrete, 
punched-out ulcers on the mucosa (Levine et al. 1981). 
Affected individuals typically present with severe 
odynophagia. Although some patients may have her- 
petic lesions in the oropharynx, the majority are not 
found to have oropharyngeal disease. Moreover, some 
patients with oral herpes and odynophagia are found 
to have Candida esophagitis. The presence of other 
herpetic lesions therefore does not accurately predict 
herpes esophagitis in patients with odynophagia. 



Herpes esophagitis usually is manifested on 
double contrast studies by small, discrete ulcers in 
the upper or midesophagus (Fig. 5.2.11). The ulcers 
can have a punctate, stellate, or volcano-like appear- 
ance, often separated by normal intervening mucosa 
(Levine et al. 1981). Discrete ulcers are seen in up 
to 50% of patients with herpes esophagitis (Levine 
et al. 1988). Rarely, severe infection may be mani- 
fested by multiple ulcers and plaques, mimicking 
the findings of advanced Candida esophagitis. In the 
appropriate setting, however, it usually is possible 
to differentiate these infections on the basis of the 
radiographic findings without need for endoscopy 
(Levine et al. 1987). 

5.2.I.2.3. 

CMV Esophagitis 

Cytomegalovirus (CMV) is another cause of infec- 
tious esophagitis associated with the development of 
ulcers, which can be single or multiple. Affected indi- 
viduals usually present with severe odynophagia and 
are almost always found to have AIDS. These patients 
may also have evidence of CMV in other organs such 
as the retina, liver, or colon. 
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Fig. 5.2.10 Candida esophagitis with “foamy” esophagus. 
Double-contrast view shows innumerable tiny bubbles layering 
out in barium column (arrow) as a result of the yeast form of 
candidiasis. The esophagus also is dilated in this patient with 
underlying achalasia. It should be noted that patient did not 
receive effervescent agent for this examination 



CMV esophagitis usually is manifested on double 
contrast barium studies by one or more giant, flat ulcers 
that are as large as several centimeters in length (Levine 
et al. 1987). These ulcers may have an ovoid, elongated, 
or diamond-shaped configuration and are frequently 
surrounded by a radiolucent rim of edematous mucosa. 
Because herpetic ulcers rarely become this large, the 
presence of one or more giant ulcers should suggest the 
possibility of CMV esophagitis in patients with AIDS. 
Nevertheless, the differential diagnosis also includes 
giant HIV ulcers in the esophagus (see next section). 
Less commonly, CMV esophagitis may be manifested 
by small, superficial ulcers indistinguishable from those 
of herpes esophagitis. CMV esophagitis is treated with 
potent antiviral agents such as ganciclovir which are 
associated with bone marrow toxicity. Endoscopy with 
biopsy specimens, brushings, and cultures from the 
esophagus therefore are required to confirm the pres- 
ence of CMV before treating these patients. 

5.2.1. 2.4. 

HIV Esophagitis 

HIV infection of the esophagus can also lead to the 
development of giant ulcers which are indistinguish- 
able from those caused by CMV (Levine et al. 1991b). 
The ulcers typically appear as ovoid or diamond- 
shaped collections, sometimes associated with a clus- 
ter of small satellite ulcers (Fig. 5.2.12). Affected indi- 




Fig. 5.2.11 Herpes esophagitis. Double-contrast view shows 
multiple tiny ulcers (arrows) in midesophagus. Note tiny 
radiolucent mounds of edema surrounding ulcers 




Fig. 5.2.12 HIV esophagitis. Double-contrast view shows large 
diamond-shaped ulcer (black arrows) with a cluster of small 
satellite ulcers (white arrows) in midesophagus 
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viduals also can have palatal ulcers or a characteristic 
maculopapular rash on the upper half of the body. 
The diagnosis is confirmed by obtaining endoscopic 
biopsy specimens, brushings, and cultures from the 
esophagus to exclude the possibility of CMV. Unlike 
CMV ulcers, these HIV-related esophageal ulcers 
usually respond dramatically to treatment with oral 
steroids. Thus, endoscopy is required in HIV-positive 
patients with giant esophageal ulcers to differentiate 
HIV from CMV, so that appropriate therapy can be 
instituted (Sor et al. 1995). 

5 . 2 . 1 . 3 . 

Drug-Induced Esophagitis 

Tetracycline and doxycycline are the most frequent 
causes of drug-induced esophagitis, but other offend- 
ing agents include nonsteroidal anti-inflammatory 
drugs (NSAIDs), quinidine, potassium chloride, and 
alendronate. These patients typically ingest their 
medications with little or no water immediately 
before going to bed. It therefore has been postulated 
that prolonged contact of the esophageal mucosa with 
the medication causes an irritant contact esophagitis. 
Drug-induced esophagitis usually involves the upper 
or middle thirds of the esophagus with sparing of the 
distal third (Bova et al. 1987). 

The radiographic findings in drug-induced 
esophagitis depend on the nature of the offending 




Fig. 5.2.13 Drug-induced esophagitis. Double-contrast view 
shows several small linear ulcers ( arrows ) in midesophagus 
due to recent tetracycline ingestion 



medication. Tetracycline and doxycycline are asso- 
ciated with the development of small, superficial 
ulcers indistinguishable from those of herpes esoph- 
agitis (Fig. 5.2.13). In contrast, quinidine, potassium 
chloride, and NSAIDs may cause more severe injury, 
leading to the development of large ulcers and sub- 
sequent stricture formation (Creteur et al. 1983a). 
Alendronate may also produce extensive ulceration 
and strictures, but these strictures are usually 
confined to the distal esophagus(RYAN et al. 1998). 
Whatever the offending agent, a repeat esophagram 
usually shows marked healing of the ulcers within 
7-10 days after withdrawal of the offending medica- 
tion (Creteur et al. 1983a). 

5 . 2 . 1 . 4 . 

Radiation Esophagitis 

A radiation dose of approximately 4500 to 6000 rads 
to the chest can cause severe injury to the esophagus 
(Goldstein et al. 1975). Acute radiation esophagitis 
usually occurs 1-3 weeks after the initiation of radia- 
tion therapy. This condition may be manifested by 
ulceration and, even more commonly, by a granular 
appearance of the mucosa and decreased distensi- 
bility due to edema and inflammation of the irradi- 
ated segment (Collazzo et al. 1997). Within several 
months after completion of radiation therapy, a 
smooth, tapered area of concentric narrowing may 




Fig. 5.2.14 Radiation stricture. A smooth, tapered stricture 
( arrows ) is seen in cervical and upper thoracic esophagus in 
this patient who underwent total laryngectomy and radiation 
therapy for laryngeal carcinoma 
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be seen within the radiation portal due to the devel- 
opment of a radiation stricture (Fig. 5.2.14). Fistula 
formation is another uncommon complication of 
chronic radiation injury (Carlyle et al. 1976). 

5 . 2 . 1 . 5 . 

Caustic Esophagitis 

Whether accidental or intentional, ingestion of lye 
or other caustic agents can lead to a severe form of 
esophagitis with ulceration, scarring, and stricture 
formation (Dafoe and Ross 1969). If esophagogra- 
phy is attempted after a patient ingests a caustic agent, 
water-soluble contrast media should be used because 
of the risk of perforation. Such studies may reveal 
abnormal motility, ulceration, or even esophageal 
disruption (Fig. 5.2.15). If the patient survives, repeat 
studies may reveal marked stricture formation, typi- 
cally involving a long segment of the thoracic esopha- 
gus. Patients with chronic lye strictures also have an 
increased risk of developing squamous cell carcinoma 
of the esophagus, so a new area of mucosal irregularity 
within a pre-existing lye stricture should raise concern 
about the possibility of a superimposed carcinoma 
(Appelqvist and Salmo 1980). 




Fig. 5.2.15 Acute caustic esophagitis. Study with water-soluble 
contrast material shows narrowing and ulceration ( black 
arrows) of midesophagus with small, sealed-off perforation 
( white arrow). This patient had ingested lye 



5 . 2 . 1 . 6 . 

Other Esophagitides 

Alkaline reflux esophagitis is caused by reflux of bile 
or pancreatic secretions into the esophagus after par- 
tial or total gastrectomy (Levine et al. 1991a). These 
patients may develop mucosal nodularity, ulceration, 
or, in severe disease, rapidly progressive strictures in 
the distal esophagus (Levine et al. 1991a). The risk of 
alkaline reflux esophagitis can be decreased by per- 
forming a roux-en-Y esophagojejunostomy to prevent 
reflux of bile into the esophagus. 

Nasogastric intubation is an unusual cause of 
esophagitis and stricture formation (Banfield and 
Hurwitz 1974). Most of these strictures develop 
after prolonged or repeated intubation, and they may 
progress rapidly after removal of the tube. It has been 
postulated that the strictures result from severe reflux 
esophagitis induced by the tube or from the irritant 
effect of the tube itself (Graham et al. 1959). Strictures 
caused by nasogastric intubation tend to be long-seg- 
ment strictures in the distal esophagus which can 
progress rapidly on follow-up examinations. 

Other less common causes of esophagitis include 
acute alcohol-induced esophagitis, Crohn’s disease, 
eosinophilic esophagitis, chronic graft-versus-host dis- 
ease, Behcet’s disease, and, rarely, skin disorders involv- 
ing the esophagus, such as epidermolysis bullosa dys- 
trophica and benign mucous membrane pemphigoid. 

5 . 2 . 2 . 

Neoplasms 

5 . 2 . 2 . 7 . 

Benign Tumors 

5.2.2.I.I. 

Papilloma 

Squamous papillomas are the most common benign 
mucosal tumors in the esophagus. Histologically, these 
lesions consist of a central fibrovascular core with mul- 
tiple digit-like projections covered by hyperplastic 
squamous epithelium (Miller et al. 1978). Papillomas 
usually appear on double contrast esophagography as 
small, sessile polyps with smooth or slightly lobulated 
borders. Because papillomas maybe difficult to distin- 
guish radiographically from early esophageal cancer 
and also because of the uncertain risk of malignant 
degeneration, biopsy or resection of esophageal papil- 
lomas is recommended by some investigators (Zeab- 
art et al. 1979). Rarely, patients may have innumerable 
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papillomas in the esophagus, a condition known as 
esophageal papillomatosis (Sandvik et al. 1996). 

5.2.2.1.2. 

Adenoma 

Esophageal adenomas are rare benign lesions which 
almost always are found to arise in metaplastic columnar 
epithelium associated with Barrett's esophagus (Levine 
et al. 1984). Because these lesions have the same poten- 
tial for malignant transformation as colonic adenomas, 
endoscopic or surgical resection is warranted (Levine 
et al. 1984). Adenomas typically appear on esophagog- 
raphy as sessile or pedunculated polyps in the distal 
esophagus near the gastroesophageal junction. 

5.2.2.1.3. 

Glycogenic Acanthosis 

Glycogenic acanthosis is a benign disorder in which 
glycogen accumulates in the squamous epithelial cell 
lining of the esophagus. It is a common degenera- 
tive condition, occurring primarily in middle-aged 
or elderly individuals (Glick et al. 1982). Glyco- 
genic acanthosis is manifested on double contrast 
esophagography by multiple small, rounded nodules 
or plaques in the middle or, less commonly, distal 
esophagus (Glick et al. 1982). Major considerations 
in the differential diagnosis for these lesions include 
reflux and Candida esophagitis. However, the nodules 
in reflux esophagitis are more poorly defined and are 
usually located in the distal esophagus, whereas the 
plaques in Candida esophagitis tend to have a linear 
configuration and typically develop in immunocom- 
promised patients with odynophagia. Thus, it usually 
is possible to differentiate these conditions on the 
basis of the clinical and radiographic findings. 

5.2.2. 1.4. 

Leiomyoma 

Leiomyomas (gastrointestinal stromal tumors) are the 
most common benign submucosal tumors in the esoph- 
agus (Goldstein et al. 1981). Unlike stromal tumors 
elsewhere in the gastrointestinal tract, esophageal leio- 
myomas almost never undergo sarcomatous degenera- 
tion, and unlike gastric leiomyomas, they almost never 
ulcerate (Totten et al. 1953; Glanz and Grunebaum 
1977). Patients with esophageal leiomyomas usually are 
asymptomatic but occasionally may present with slowly 
progressive dysphagia (Seremetis et al. 1976). 

When esophageal leiomyomas grow into the medi- 
astinum, they can be recognized on chest radiographs 



by the presence of a mediastinal mass, occasionally 
containing punctate areas of calcification. Leiomyomas 
usually appear on barium studies as smooth submu- 
cosal lesions (Fig. 5.2.16) indistinguishable from other 
mesenchymal neoplasms such as granular cell tumors, 
lipomas, hemangiomas, fibromas, and neurofibromas, 
except that leiomyomas are more likely on empirical 
grounds. CT may be helpful for differentiating submu- 
cosal esophageal masses from extrinsic mediastinal 
tumors compressing the esophagus. 

5.2.2.I.5. 

Fibrovascular Polyp 

Fibrovascular polyps are rare, benign submucosal 
tumors arising from the cervical esophagus, usually at 
the level of the cricopharyngeus (Levine et al. 1996). 
Histologically, these lesions are composed of fibrous, 
vascular, and adipose tissue covered by normal squa- 
mous epithelium. They gradually elongate into the tho- 
racic esophagus, forming a pedunculated mass. Some 
fibrovascular polyps can grow to gigantic sizes, causing 
dysphagia or wheezing secondary to extrinsic compres- 
sion of the trachea. Fibrovascular polyps usually appear 
on barium studies as smooth, expansile masses in the 
upper or midesophagus (Fig. 5.2.17), sometimes asso- 
ciated with a discrete pedicle that originates near the 
cricopharyngeus. When fibrovascular polyps contain a 




Fig. 5.2.16 Leiomyoma. Double-contrast view shows a smooth 
submucosal mass ( arrows ) in upper thoracic esophagus 
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large amount of adipose tissue, they may be recognized 
by the presence of fat within the lesions on CT or MRI 
(Whitman and Borkowski 1989). 

5.2.2. 1.6. 

Granular Cell Tumor 

Granular cell tumors arise from Schwann cells of the 
peripheral nervous system (Gershwind et al. 1978). 
Approximately 7% of granular cell tumors occur 
in the gastrointestinal tract, and one third of these 
lesions are found in the esophagus (Johnston and 
Helwig 1981). Granular cell tumors usually appear 
on esophagography as small, round or ovoid submu- 
cosal masses that often are mistaken for leiomyomas 
(Rubesin et al. 1985). Most patients with granular cell 
tumors are asymptomatic, so these lesions usually are 
detected as incidental findings. However, large granu- 
lar tumors that cause dysphagia may require local 
excision (Rubesin et al. 1985). 

5.2.2.1.7. 

Duplication Cyst 

Although duplication cysts are not true neoplasms, 
they are included in this section as these lesions may 
present as submucosal masses. Esophageal duplication 
cysts comprise about 20% of all duplication cysts in 



Fig. 5.2.17 Giant fibro vascular polyp. 

A smooth, sausage-shaped mass is 
seen expanding lumen of upper and 
midesophagus on three separate views 
( Black arrows denote tip of lesion in 
midesophagus) 

the gastrointestinal tract (Macpherson 1993). These 
cysts are developmental anomalies of the primitive 
foregut, often containing ectopic gastric mucosa. The 
cysts may or may not communicate with the esopha- 
geal lumen and usually are located in the right lower 
mediastinum. Most adults are asymptomatic but some 
may have symptoms caused by obstruction, bleeding, 
or infection of the cyst. 

Duplication cysts sometimes can be recognized 
on chest radiographs by the presence of a mass in the 
right lower mediastinum. The cysts typically appear 
on barium studies as smooth submucosal masses in 
the esophagus. When duplication cysts communicate 
with the esophageal lumen, they may be recog- 
nized as tubular, branching outpouchings that fill 
with barium (Fig. 5.2.18). Duplication cysts usually 
appear as homogenous low- attenuation structures 
on CT and as high-signal intensity structures on T2- 
weighted MR images (Rafal and Markisz 1991). 

S.2.2.2. 

Malignant Tumors 
5.2.2.2.I. 

Esophageal Carcinoma 

Esophageal carcinoma constitutes about 1% of all can- 
cers in the United States and 7% of all gastrointestinal 
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Fig. 5.2.18 Communicating duplication cyst. Single-contrast 
view shows a tubular, branching structure ( arrows ) that com- 
municates with posterior wall of midesophagus (Courtesy of 
Marie Latour, M.D., Philadelphia, PA) 

tumors (Livingston and Skinner 1985). Affected 
individuals usually develop dysphagia only after the 
tumor has invaded periesophageal lymphatics or other 
mediastinal structures. As a result, most patients have 
advanced lesions at the time of presentation, with 
overall 5-year survival rates of less than 10%. Occa- 
sionally, however, early esophageal cancer (defined as 
tumor limited to the mucosa or submucosa without 
lymphatic metastases) may be detected as a result of 
early onset of symptoms or screening of asymptom- 
atic patients in high-risk groups. Unlike advanced 
carcinoma, early esophageal cancer is a curable lesion 
with 5-year survival rates as high as 95% (Levine et 
al. 1986). Histologically, 50-70% of esophageal can- 
cers are squamous cell carcinomas and the remaining 
30-50% are adenocarcinomas (Pera et al. 1993). 

Tobacco and alcohol are the major risk factors for 
developing squamous carcinoma of the esophagus 
in the United States. Other conditions known to pre- 
dispose to the development of esophageal carcinoma 
include achalasia, lye strictures, head and neck tumors, 
Plummer- Vinson syndrome, and tylosis (Carter and 



Brewer 1975; Appelqvist and Salmo 1980; Levine 
and Halvorsen 2000). Some authorities advocated 
periodic screening of patients with these conditions to 
detect developing cancers at the earliest possible stage. 

Unlike squamous cell carcinomas, esophageal 
adenocarcinomas are virtually always found to arise 
in patients with underlying Barrett's esophagus. The 
reported prevalence of adenocarcinoma in patients 
with Barrett's esophagus is about 10% (Levine et al. 
1995). Studies using incidence rather than prevalence 
data indicate that the relative risk of adenocarcinoma 
developing in patients with Barrett's esophagus is 30 
to 40 times greater than that in the general popula- 
tion (Spechler et al. 1984). These adenocarcinomas 
evolve through a sequence of progressive epithelial 
dysplasia in areas of pre-existing columnar meta- 
plasia. Some authorities therefore advocate periodic 
endoscopic surveillance of patients with known 
Barrett's esophagus in order to detect dysplastic or 
carcinomatous changes at the earliest possible stage. 

Double-contrast esophagography has a sensitivity 
of more than 95% in detecting esophageal cancer, a 
figure comparable to the reported endoscopic sen- 
sitivity of 95-100% when multiple brushings and 
biopsy specimens are obtained (Levine et al. 1997). 
Furthermore, endoscopy rarely finds cases of esoph- 
ageal carcinoma that are missed on double-contrast 
studies (DiPalma et al. 1984). We therefore believe 
that double-contrast esophagography is a sensitive 
technique for detecting esophageal cancer and that 
endoscopy is not warranted in patients with normal 
findings on double-contrast studies. 

Early esophageal cancers usually are small, pro- 
truded lesions less than 3.5 cm in size. These tumors 
may be manifested on double-contrast studies by 
plaque-like lesions (often containing a flat central 
ulcer) (Fig. 5.2. 19), by sessile polyps with a smooth or 
slightly lobulated contour, or by focal irregularity of 
the wall. Early adenocarcinomas in Barrett's esopha- 
gus may also be manifested by a localized area of wall 
flattening or irregularity within a pre-existing peptic 
stricture. Superficial spreading carcinoma is another 
form of early esophageal cancer characterized by a 
confluent area of nodules or plaques (Levine et al. 
1986). Although these lesions may be confused with 
focal Candida esophagitis, the plaques in candidiasis 
tend to be discrete lesions with normal intervening 
mucosa, whereas the nodules in superficial spreading 
carcinoma tend to coalesce, producing a continuous 
area of disease. Although early esophageal cancers 
are generally thought to be small lesions, some early 
cancers may be relatively large intraluminal masses 
more than 3.5 cm in diameter (Levine et al. 1986). 
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Fig. 5.2.19 Early esophageal carcinoma. Double-contrast view 
shows a plaque-like lesion in midesophagus ( black arrows ) 
with flat, central ulcer ( white arrows) 



Advanced esophageal carcinomas usually appear on 
barium studies as infiltrating, polypoid, ulcerative, or 
varicoid lesions. Infiltrating carcinomas are manifested 
by irregular luminal narrowing, nodularity, ulceration, 
and abrupt, often shelf-like borders (Fig. 5.2.20). Polyp- 
oid carcinomas appear as lobulated intraluminal masses. 
Primary ulcerative carcinomas are necrotic lesions with 
a giant, meniscoid ulcer surrounded by a radiolucent rim 
of tumor (Fig. 5.2.21) (Gloyna et al. 1977). Finally, vari- 
coid carcinomas are those in which submucosal spread 
of tumor produces thickened, tortuous longitudinal 
defects, mimicking the appearance of varices. However, 
varicoid tumors have a fixed configuration and relatively 
abrupt borders, whereas varices tend to change in size 
and shape at fluoroscopy. Also, varices rarely cause dys- 
phagia because they are soft and compressible. Thus, it 
usually is possible to differentiate varices from varicoid 
tumors on clinical and radiologic criteria. 

Squamous cell carcinomas and adenocarcinomas 
of the esophagus cannot be reliably differentiated on 
the basis of the radiographic findings. Nevertheless, 
squamous cell carcinomas tend to involve the upper or 
midesophagus, whereas adenocarcinomas are mainly 
located in the distal esophagus. Unlike squamous 





Fig. 5.2.20 Advanced infiltrating carcinoma. Single- contrast Fig. 5.2.21 Primary ulcerative carcinoma. Double-contrast 

view shows an irregular segment of narrowing in midesophagus view shows a polypoid lesion (large arrows) in midesophagus 

with abrupt, shelf-like proximal and distal borders (arrows) with flat area of central ulceration (small arrows) 
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carcinomas, esophageal adenocarcinomas also have 
a marked tendency to invade the gastric cardia or 
fundus. In fact, 50% of all cancers involving the gastro- 
esophageal junction are esophageal adenocarcinomas 
invading the stomach. 

Esophageal carcinomas tend to metastasize to 
other parts of the esophagus via a network of rich 
submucosal lymphatic channels. These lymphatic 
metastases may appear as polypoid, plaque-like, or 
ulcerated lesions that are separated from the primary 
tumor by normal intervening mucosa (Glick et al. 
1986). Tumor may also spread subdiaphragmatically 
to the gastric fundus via submucosal esophageal lym- 
phatic vessels. These metastases to the stomach may 
appear as large submucosal masses, often containing 
central areas of ulceration. 

Appropriate treatment strategies for esophageal 
carcinoma depend on accurate staging of the tumor. 
Various imaging techniques such as CT, MR, and 
endoscopic sonography are used for staging esopha- 
geal carcinoma (Takashima et al. 1991; Vilgrain et 
al. 1990). The tumor stage is assessed by evaluating 
the depth of esophageal wall invasion and the pres- 
ence or absence of lymphatic or distant metastases. 

5.2.2.2.2. 

Other Malignant Tumors 

Non-Hodgkin’s lymphoma and, rarely, Hodgkin’s 
lymphoma may also involve the esophagus. Esopha- 
geal lymphoma may be manifested on barium stud- 
ies by submucosal masses, polypoid lesions, enlarged 
folds, or strictures (Carnovale et al. 1977). Spindle 
cell carcinoma is another rare tumor characterized 
by a polypoid intraluminal mass that expands the 
lumen of the esophagus without causing obstruction 
(Agha and Keren 1985). Other malignant tumors 
of the esophagus include leiomyosarcoma, malignant 
melanoma, and Kaposi’s sarcoma. 



5 . 2 . 3 . 

Webs 

Webs are thin mucosal folds arising from the ante- 
rior wall of the lower hypopharynx or upper cervi- 
cal esophagus. Cervical esophageal webs have been 
reported in 3-8% of upper gastrointestinal barium 
studies (Ekberg and Nylander 1983). Most patients 
are asymptomatic, but some may present with dyspha- 
gia. An association of cervical esophageal webs with 
iron-deficiency anemia and pharyngeal carcinoma has 
been reported in northern Europe (also known as the 



Plummer- Vinson or Paterson- Kelly syndrome), but 
this association has not been observed in the United 
States (Ekberg and Nylander 1983). 

Webs are characterized by 12 mm wide, shelf-like 
filling defects along the anterior wall of the hypo- 
pharynx or cervical esophagus that protrude to vari- 
ous depths into the esophageal lumen (Fig. 5.2.22). 
The use of dynamic or rapid sequence imaging and 
large barium boluses increases the detection rate of 
webs. In more severe cases, webs may be associated 
with a jet phenomenon and proximal dilatation of 
the pharynx (Taylor et al. 1990). 



5 . 2 . 4 . 

Rings 

Lower esophageal rings are found in 6-14% of 
patients who undergo esophagography, but fewer 
than 1% of patients with rings are symptomatic 
(Schatzki and Gary 1956). The term Schatzki ring 
should be reserved only for those patients with lower 
esophageal rings who present with dysphagia. These 
rings almost always occur at the gastroesophageal 
junction. Histologically, the superior surface of the 




Fig. 5.2.22 Cervical esophageal webs. Lateral view of pharynx 
and cervical esophagus during swallowing shows two thin, 
web -like indentations ( small arrows) on anterior wall of cer- 
vical esophagus. Also note rounded indentation posteriorly 
( large arrow) at pharyngoesophageal junction due to incom- 
plete relaxation of cricopharyngeus 
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ring is lined by stratified squamous epithelium and 
the inferior surface by columnar epithelium. The 
exact pathogenesis of Schatzki rings is uncertain but 
some are thought to be develop as a result of scarring 
from reflux esophagitis (Chen et al. 1987). 

Lower esophageal rings appear on barium stud- 
ies as 2-3 mm in height, web-like constrictions at 
the gastroesophageal junction, almost always above 
a hiatal hernia (Fig. 5.2.23). The rings can be missed 
if the distal esophagus is not adequately distended at 
fluoroscopy, so it is important to obtain prone views 
of the esophagus during continuous drinking of a 
low-density barium suspension. It has been shown 
that rings with a maximal luminal diameter of more 
than 20 mm rarely cause symptoms, whereas rings 
with a maximal diameter of less than 13 mm usually 
are symptomatic (Schatzki 1963). 

5 . 2 . 5 . 

Diverticula 

Esophageal diverticula may be classified as pulsion 
or traction diverticula. The more common pulsion 
diverticula result from esophageal dysmotility with 



increased intraluminal pressures in the esophagus, 
whereas traction diverticula are caused by scarring in 
the soft tissues surrounding the esophagus. Diverticula 
most commonly occur in the region of the pharyn- 
goesophageal junction (i.e., Zenker’s diverticulum), 
midesophagus, and distal esophagus above the gastro- 
esophageal junction (i.e., epiphrenic diverticulum). 

5 . 2 . 5 . 7 . 

Pulsion Diverticula 

Pulsion diverticula tend to be located in the distal 
esophagus and are often associated with fluoroscopic 
or manometric evidence of esophageal dysmotility. 
These diverticula usually are detected as incidental 
findings in patients who have no esophageal symp- 
toms. However, a large epiphrenic diverticulum adja- 
cent to the gastroesophageal junction may fill with 
debris, causing dysphagia, regurgitation, or aspira- 
tion. Pulsion diverticula appear on barium studies 
as rounded outpouchings from the esophageal lumen 
that have wide necks. They often do not empty com- 
pletely when the esophagus collapses and may be 
associated with other radiologic findings of esopha- 
geal motor dysfunction (Levine 2000). 




Fig. 5.2.23 Food impaction caused by Schatzki ring, a Initial view shows polypoid defect in distal esophagus with irregular 
meniscus superiorly ( arrows ) due to impacted meat in this region, b After impaction has been relieved, repeat view shows 
underlying Schatzki ring as cause of impaction. Note smooth, symmetric ring-like constriction ( arrows ) at gastroesophageal 
junction above small hiatal hernia 
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S.2.5.2. 

Traction Diverticula 

Traction diverticula occur in the midesophagus and 
usually are caused by scarring from tuberculosis 
or histoplasmosis involving subcarinal or perihilar 
lymph nodes. Traction diverticula are true diverticula 
containing all layers of the esophageal wall and there- 
fore maintain their elastic recoil. As a result, they tend 
to empty their contents when the esophagus collapses 
at fluoroscopy (Levine 2000). Traction diverticula 
often have a triangular or tented appearance caused 
by traction on the diverticulum by the fibrotic pro- 
cess in the adjacent mediastinum (Fig. 5.2.24). Thus, 
it often is possible to distinguish traction diverticula 
from pulsion diverticula on barium studies. 

5.2.6. 

Varices 

Esophageal varices can be classified as uphill or down- 
hill. Uphill varices are caused by portal hypertension 
with increased pressure in the portal venous system 
transmitted upwards via dilated esophageal collater- 
als to the superior vena cava. In contrast, downhill 
varices are caused by superior vena cava obstruction 
with downward flow via dilated esophageal collater- 
als to the portal venous system and inferior vena 
cava. Uphill varices are much more common than 
downhill varices. 

5.2.6. 7. 

Uphill Varices 

Uphill esophageal varices develop as a result of 
portal hypertension or other causes of portal venous 
obstruction. Varices appear on barium studies as ser- 
piginous or tortuous longitudinal filling defects in 
the distal half of the thoracic esophagus (Fig. 5.2.25). 
They are best seen on mucosal relief views of the col- 
lapsed esophagus using a high-density barium sus- 
pension to increase mucosal adherence (Cockerill 
et al. 1976). Even with proper technique, esophageal 
varices may be seen as a transient finding due to 
periodic filling and emptying of the varices with 
esophageal peristalsis or distention. The differential 
diagnosis for varices includes submucosally infiltrat- 
ing esophageal carcinomas (varicoid carcinomas) 
and esophagitis with thickened folds due to submu- 
cosal inflammation and edema. 

Esophageal varices are characterized on CT by 
a thickened, lobulated esophageal wall containing 




Fig. 5.2.24 Traction diverticulum. Single-contrast view shows 
triangular outpouching ( large arrow) from midesophagus. 
Note surgical clip ( small arrow) in adjacent mediastinum. The 
diverticulum resulted from postsurgical scarring in this region 




W 
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Fig. 5.2.25 Esophageal varices. Double-contrast view shows 
serpiginous longitudinal defects etched in white in lower third 
of esophagus due to uphill esophageal varices 
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tubular structures that enhance markedly after intra- 
venous administration of contrast material. Addi- 
tional varices may be seen elsewhere in the abdomen 
at other sites of communication between the portal 
and systemic venous circulations. Angiography of the 
celiac or superior mesenteric arteries can be used to 
confirm the presence of extensive collateral flow and 
varix formation in and around the distal esophagus. 
However, the need for portal venography for presur- 
gical planning of portosystemic shunts has decreased 
with the widespread use of transjugular intrahepatic 
portosystemic shunting (TIPS) procedures. 

S.2.6.2. 

Downhill Varices 

The most common cause of downhill varices is bron- 
chogenic carcinoma with mediastinal metastases and 
superior vena cava obstruction. Additional causes 
include other primary or metastatic tumors involving 
the mediastinum, mediastinal irradiation, sclerosing 
mediastinitis, substernal goiter, and central catheter- 
related thrombosis of the superior vena cava. Most 
patients with downhill varices present clinically with 
superior vena cava syndrome and many have melena 
and iron-deficiency anemia from variceal bleeding. 

Downhill varices typically appear as serpiginous 
longitudinal filling defects which, unlike uphill 
esophageal varices, are confined to the upper or mid- 
esophagus. Chest radiographs or CT often reveal the 
underlying cause of superior vena cava obstruction. 
Venography may also be performed to confirm the 
presence of superior vena cava obstruction. 

5 . 2 . 7 . 

Foreign Body Impactions 

In adults, esophageal foreign body impactions most 
commonly are caused by inadequately chewed pieces 
of meat (Nandi and Ong 1978). Most of these foreign 
bodies pass spontaneously into the stomach, but 10- 
20% require some form of therapeutic intervention. 
Although the risk of perforation is less than 1% during 
the first 24 hours, this risk increases significantly after 
24 hours because of ischemia and pressure necrosis 
at the site of impaction (Barber et al. 1984). Affected 
individuals typically present with acute onset of dys- 
phagia, substernal chest pain, and/or a foreign body 
sensation. 

Contrast studies often are performed in patients 
with suspected food impaction to confirm the pres- 
ence of obstruction and determine its level and also 



to rule out esophageal perforation. An impacted food 
bolus typically appears as a polypoid defect with an 
irregular meniscus superiorly (Fig. 5.2.23a). Because of 
the degree of obstruction, it may be difficult to assess 
the underlying esophagus at the time of impaction. It 
therefore is prudent to perform a follow-up barium 
study after the impaction has been relieved to deter- 
mine if this impaction was caused by a pathologic area 
of narrowing. The most common causes are Schatzki 
rings (Fig. 5.2.23b) and peptic strictures. Rarely, food 
impactions may even result from giant thoracic osteo- 
phytes impinging on the esophagus (Underberg- 
Davis and Levine 1991; Levine 2000). 

Intravenous glucagon may be used to relax the 
lower esophageal sphincter and facilitate passage of 
an impacted bolus from the distal esophagus into the 
stomach (Trenkner et al. 1983). Effervescent agents 
may also help to distend the esophagus, promoting 
passage of the bolus (Robbins and Shortsleeve 
1994). Over time, however, pressure necrosis may 
develop at the site of impaction, so gas-forming agents 
should be avoided if the obstruction has been present 
more than 24 hours to minimize the risk of perfora- 
tion. Combination therapy with intravenous glucagon, 
an effervescent agent, and water has been shown to 
have a success rate of 70% in relieving esophageal food 
impactions without need for endoscopic intervention 
(Robbins and Shortsleeve 1994). 

5 . 2 . 8 . 

Fistulas 

Esophageal-airway fistulas usually result from direct 
invasion of the tracheobronchial tree by advanced 
esophageal cancer (Fig. 5.2.26). Such fistulas have 
been reported in 5-10% of patients with esophageal 
cancer, often occurring after treatment with radia- 
tion therapy (Fitzgerald et al. 1981; Little et al. 
1984). Other causes of esophageal-airway fistulas 
include esophageal instrumentation, trauma, foreign 
bodies, and surgery (Vasquez et al. 1988). Affected 
individuals typically present with violent episodes 
of coughing and choking during deglutition. When 
an esophageal-airway fistula is suspected on clinical 
grounds, barium should be used instead of hyperos- 
molar water-soluble contrast agents which may cause 
severe pulmonary edema if a fistula is present. 

Esophagopleural fistulas may be caused by esopha- 
geal carcinoma, radiation therapy, surgery, or instru- 
mentation. Such patients may present with a pleural 
effusion, pneumothorax, or hydropneumothorax. 
When an esophagopleural fistula is suspected, the 
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Fig. 5.2.26 Advanced esophageal carcinoma with esophago- 
bronchial fistula. An infiltrating carcinoma (large arrows) is 
seen in midthoracic esophagus with barium in airway as result 
of esophagobronchial fistula (small arrow) 

presence and location of the fistula can be confirmed 
by a study with water-soluble contrast media. 

Aortoesophageal fistulas are extremely rare but 
are associated with a high mortality rate. Such fis- 
tulas may be caused by a ruptured aortic aneurysm, 
aortic dissection, infected aortic graft, swallowed 
foreign body, or esophageal cancer (Baron et al. 
1981; Hollander and Quick 1991). Patients with 
aortoesophageal fistulas may present with an ini- 
tial episode of arterial hematemesis followed by a 
variable latent period, before experiencing massive 
hematemesis, exsanguination, and death (Baron et 
al. 1981). Oral studies with water-soluble contrast 
agents are unlikely to show the fistula because of high 
aortic pressures, whereas contrast aortography may 
fail to show the fistula because of occlusion of the 
fistulous tract by thrombus (Baron et al. 1981). 

5 . 2 . 9 . 

Perforation 

If untreated, perforation of the esophagus is associ- 
ated with a mortality rate of nearly 100% because of a 
fulminant mediastinitis that occurs in these patients. 



Early diagnosis therefore is critical. Endoscopy is 
the most common cause of esophageal perforation, 
accounting for more than 75% of cases. Other causes 
include foreign bodies, food impactions, penetrating 
and blunt trauma, and spontaneous esophageal per- 
foration due to a sudden, rapid increase in intralumi- 
nal esophageal pressure (Boerhaave’s syndrome). 

Cervical esophageal perforation maybe manifested 
on plain films by subcutaneous emphysema, retropha- 
ryngeal air (Fig. 5.2.27a), and pneumomediastinum. 
Lateral films of the neck may also show widening of 
the prevertebral space or a retropharyngeal abscess 
containing loculated gas and/or air-fluid levels. In 
contrast, thoracic esophageal perforation maybe asso- 
ciated with pneumomediastinum, mediastinal widen- 
ing, and a pleural effusion or hydropneumothorax 
(Parkin 1973) (O’Connell 1967). In the proper set- 
ting, the presence of mediastinal gas on CT should be 
highly suggestive of esophageal perforation, whereas 
other findings such as pleural effusion or mediastinal 
fluid are less specific (White et al. 1993). However, CT 
is unreliable for determining the site of perforation. 

Esophagography often is performed on patients 
with suspected esophageal perforation (Figs. 5.2.27b 
and 5.2.28). Although barium is the most sensitive 
contrast agent for detecting small leaks, it potentially 
can cause a granulomatous reaction in the mediasti- 
num. In contrast, water-soluble agents do not incite a 
mediastinal reaction and are readily absorbed from 
the mediastinum if a leak is present. However, water- 
soluble contrast agents are less radiopaque than 
barium and can miss as many as 15-50% of esopha- 
geal perforations (Buecker et al. 1997). These agents 
can also cause severe pulmonary edema if aspirated 
into the lungs. It therefore is recommended that the 
examination be repeated with barium to detect subtle 
leaks if the initial study with water-soluble contrast 
media shows no evidence of perforation. 

5 . 2 . 10 . 

Congenital Esophageal Stenosis 

Congenital esophageal stenosis occasionally may be 
diagnosed in adults, typically men with a life-long 
history of dysphagia and recurrent food impac- 
tions (McNally et al. 1993). The stenotic segment 
may appear on barium studies as a midesophageal 
stricture with distinctive ring-like indentations 
resembling tracheal rings (Fig. 5.2.29) (Mauro 
and Jaques 1981). In the appropriate setting, this 
appearance therefore should suggest a diagnosis of 
congenital esophageal stenosis. 
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Fig. 5.2.27 Perforation of cervical esophagus, a Lateral view of neck shows mottled gas ( arrows ) in retropharyngeal space, 
b Subsequent study with water-soluble contrast material shows small, sealed-off perforation (arrow) from posterior aspect of 
pharyngoesophageal junction. This perforation was caused by traumatic endoscopy 




Fig. 5.2.28 Perforation of thoracic esophagus. Study with water- 
soluble contrast material shows focal extravasation of contrast 
from right lateral wall of lower esophagus ( small arrows ) into 
collection (large arrows) in adjacent mediastinum. This perfora- 
tion occurred as a complication of endoscopic dilatation 




Fig. 5.2.29 Congenital esophageal stenosis. Double-contrast view 
shows mild stricture in midesophagus with distinctive ring-like 
indentations (arrows) in region of stricture. This appearance is 
characteristic of congenital esophageal stenosis 
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5 . 3.1 

Esophageal Manometry 

Manometry and pH monitoring are important tests 
in evaluation of patients suspected of having motility 
disorders and/or GORD, but we do not recommend 
these as first choice investigations. If a functional 
esophageal disease is suspected, a video-radiologic 
investigation based on physiological principles using 
bread-and-barium could often separate patients with 
normal manometry from patients with severe motil- 
ity disorders i.e. DOS and achalasia (Nellemann et 
al. 2000). Furthermore, this radiologic method could 
demonstrate GOR in adults with a sensitivity of 52% 
and a specificity of 100%, thus reducing the number 
of patients referred to manometry and pH monitor- 
ing (Aksgl^ede et al. 1999). 

Manometry is used to measure intraluminal pres- 
sure and pressure changes in the esophagus gener- 
ated by contractions in the circular muscles. At pres- 
ent it is used in the clinical evaluation of esophageal 
contractile activity, although it has been discussed, 
whether the use of manometry should be an investi- 
gational technique or used as a clinical test. 
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Esophageal manometry can be used in patients with 
suspected primary or secondary motility disorders. 
Secondary esophageal motility disorders are those 
occurring in patients having a generalised or systemic 
disease, i.e. systemic sclerosis or diabetes mellitus. 
Furthermore, manometry is often used pre-operatively 
before fundoplication (Kahrilas et al. 1994). 

5.3.1. 1 
Technique 

Esophageal pressures are measured directly with 
solid-state transducers, or indirectly with external 
transducers connected to a water-perfused system. 
The solid-state system measures pressures indepen- 
dently of body position and requires no external 
water supply and pumps, thus making it advanta- 
geous in long-term investigations. The latter is most 
often used for short-term manometric investigations 
of the esophagus. 

The pressure catheters are introduced through a 
nostril and guided into the stomach. The probe is 
retracted through the lower esophageal sphincter 
(LOS) at a rate of 0.5- 1.0 cm/s (“rapid pull-through 
technique”) to measure the resting lower esophageal 
sphincter pressure (LOSP) in proportion to the fundic 
pressure. The relaxation is best measured using the 
“station pull-through technique”, where the probe is 
pulled through the LOS at 0.5 -1.0 cm at a time until 
recordings become stable, and relaxation is deter- 
mined by wet or dry swallows. The catheter which is 
often supplied with three or more pressure channels 
spaced at 5 cm apart, is placed with the distal opening 
5 cm above the LOS and a manometric study of the 
esophageal body is performed. Pressure amplitude, 
velocity, and duration of contractions are registered 
after dry, wet, and solid swallows. (Keren et al. 1992). 
Furthermore, the intra-esophageal baseline pressure 
can be determined during continuous swallowing. 
Measurement of the relaxation of the LOS is not 
always easy, but a gradual increase in base-line pres- 
sure during swill is seen in patients with incomplete 
opening of the LOS (Funch-Jensen et al. 2000). 
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NORMAL ACHALASIA 




Fig. 5.3.1. Esophageal manometric recordings 15 cm (£1), 
10 cm (£2), and 5 cm (£3) above the oral border of the lower 
esophageal sphincter (LOS) during continuous drinking 
(swill) in a patient with normal LOS relaxation, followed by 
a normal peristaltic contraction with normal amplitude and 
duration 



FUNDUS 

ACHALASIA 



SWILL 




5.3.1. 2 

Manometric Findings 

The manometric tracings are classified according to 

generally accepted criteria: 

1. Normal: Mean LOSP 10-30 mm Hg, and normal 
swallow- induced relaxation of LOS. In the body 
of the esophagus peristaltic pressure waves with 
a mean amplitude distally 30-110 mm Hg, and 
mean duration distally maximal 5.5 s. (Fig. 5.3.1) 

2. Achalasia: Incomplete relaxation of LOS and 
aperistalsis and common cavity oscillations in 
the esophageal body (Fig. 5.3.2) 

3. Diffuse esophageal spasms (DOS): Spontaneous 
or simultaneous repetitive broad-based contrac- 
tions intermingled with normal peristaltic waves 
(Fig. 5.3.3) 

4. Nutcracker esophagus: Peristaltic waves with 
amplitudes of more than 200 mm Hg 

5. Hypomotility: Low amplitude contractions 

<30 mm Hg occurring peristaltically or non- 
peristaltically, with or without low resting LOSP 

6. Non-specific esophageal motility disorder 
(NSOMD): Abnormal findings derived of clas- 
sification according to the definitions above 



5.3.1. 3 

Clinical Interpretation 

Abnormal esophageal motility can potentially cause 
chest pain or dysphagia, or both. Interpretation of 
the clinical manometric result is rather simple and 
limited to a few possible pathologic observations, e.g. 



100 J 

mm Hg 

0 I 




Fig. 5.3.2a, b. a Esophageal manometric recordings 15 cm (El), 
10 cm (£2), and 5 cm (£3) above the oral border of the lower 
esophageal sphincter (LOS) shows non-peristaltic common- 
cavity waves in the esophageal body during deglutition in 
patient with achalasia. Recording in LOS shows incomplete 
relaxation, b Esophageal manometric recordings during swill 
show a steady increase in base-line pressure in a patient with 
achalasia and incomplete LOS relaxation. This method can 
be used in patients where gastric intubations are impossible. 
Compare to Fig. 5.3.1 






Fig. 5.3.3. The manometric signature after dry, wet, and solid 
swallow. Although pressure peaks are simultaneous during dry 
and wet swallows, the diagnosis of diffuse esophageal spasms 
(DOS) is only possible after the solid bolus 
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weak or absent peristalsis, disordered peristalsis, or 
impaired LOS relaxation. 

Although manometry is sensitive in detecting 
esophageal motor disorders, it is often non-specific, 
except when achalasia or DOS is a diagnostic possi- 
bility (Kahrilas et al. 1994; Nelleman et al. 2000). 

5.3.2 

24-Hour pH Monitoring 

Esophageal pH monitoring can document normal 
or abnormal esophageal acid exposure. Indications 
for prolonged esophageal pH monitoring include: 

1. Patients with typical symptoms of gastro- 
esophageal reflux disease (GORD) and normal 
endoscopy 

2. Patients with atypical symptoms of GORD (i.e. 
non-cardiac chest pain, pulmonary symptoms, 
hoarseness) 

3. Prone to and subsequent to antireflux therapy 
(medical or surgical) 



53.2.1 

Technique 

The basic equipment requirements for ambulatory 
esophageal pH studies include a portable data logger 
for data storage, a pH electrode, a computer and soft- 
ware for analysis of the pH data. 

Modern data logger’s used in esophageal ambu- 
latory pH studies are lightweight, battery-powered 
units that can be worn by the patient on a waist belt 
or shoulder straps. The data logger also has an event 
marker that can be activated by the patient during the 
study to indicate the timing of symptoms, meals, and 
recumbency (sleep). The patient can also record these 
events on a diary card. 

The probes are usually 2-4 mm in diameter, com- 
posed of antimony or glass, and an internal or exter- 
nal reference electrode. Also, each probe consists of 
single or multiple channels which can be customized 
for the individual laboratories. 

The pH probe is passed through a nostril into the 
stomach to verify an acidic pH, and then positioned 
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Fig. 5.3.4. Compressed 24-h pH graph and period table. Fraction time of pH below 4 is accentuated 
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5 cm above the superior margin of the gastro- 
esophageal junction (GOJ), identified by manometry 
or radiography (Aksglaede et al. 1999; 2003). This 
probe positioning avoids possible probe displace- 
ment into the stomach due to swallow-induced 
esophageal shortening, which is not fully compen- 
sated by concomitant electrode oscillation during 
eating and talking (Aksglaede et al. 2003). 

The length of the study should be at least 16 h, thus 
allowing assessment of at least two post-prandial 
periods and overnight supine position. 

53 . 2.2 

Diet and Drugs While Performing the Study 

Discontinuing prokinetic agents, drugs that neutral- 
ize acids, and drugs that have an influence on the 
LOSP 24-48 h prior to an examination is recom- 
mended. Proton pump inhibitors must be discontin- 
ued at least 72 h prior to examination due to the long 
half-life. During the examination the patient can eat 
a normal diet excluding acid food and beverage and 
physical activity need not be restricted. 

5 . 3.23 

Evaluation of pH Monitoring 

Acid gastro-esophageal reflux (GOR) episodes are 
defined as periods with pH < 4. To obtain a global 
assessment, several parameters are often used: The 
percentage of time pH < 4 for the whole investigation 
time (reflux index), percentage of time pH < 4 in the 
supine and upright periods, the number of reflux epi- 
sodes, number of episodes lasting more than 5 min, 
and the longest reflux episode. 

Johnson and DeMeester (1986) devised a scoring 
system based on these six parameters to calculate the 
degree in which reflux patterns differ between indi- 



viduals (Fig. 5.3.4). However, in order to discriminate 
between physiological and pathological gastro-esopha- 
geal reflux in adults, the most useful parameter is the 
Reflux Index, with normal values varying from 3.9% to 
7.2% (Kahrilas and Quigley 1996). We have adopted 
Reflux Index < 5% as the upper normal limit. 
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5 . 4.1 

Introduction 

In the past, the evaluation of esophageal disease con- 
sisted mainly of diagnosis and possibly the use of 
surgical or radiation treatment. Major advancements 
in esophageal intervention have occurred in recent 
decades, especially with innovations with endoscopic 
techniques. The endoscopist will typically perform 
these interventional procedures, but imaging may 
be required during or after the procedure. Thus, 
the radiologist needs a thorough understanding of 
these newer techniques and knowledge of their radio- 
graphic appearances and potential complications. 
Interventional techniques in the esophagus center 
largely on the management of specific disorders or 
their complications. Important clinical conditions 
that may require evaluation and endoscopic manage- 
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ment include treatment of esophageal hemorrhage, 
endoscopic mucosal ablation, removal of esophageal 
foreign bodies, pneumatic dilatation for treating 
achalasia, peptic stricture dilatation, and therapeutic 
or palliative management of esophageal malignancy, 
which often involves placement of metallic stents. 

Major advancements in esophageal intervention, 
especially with the use of endoscopic techniques, 
have occurred in recent years (Edmundowicz 1999). 
The endoscopist will typically perform these inter- 
ventional procedures, but imaging may be required 
during or after the procedure. Thus, the radiologist 
requires an understanding of these newer techniques 
and knowledge of their radiographic appearances 
and potential complications. 

In this chapter, the evaluation and management of 
the following clinical conditions and procedures are 
discussed: 1) esophageal hemorrhage; 2) endoscopic 
mucosal ablation; 3) esophageal foreign bodies; 
4) achalasia, especially the use of pneumatic dilata- 
tion; 5) peptic strictures; and 6) esophageal malig- 
nancy. The endoscopic procedures are reviewed and 
the role of imaging in assisting in the management 
of these disorders is discussed and illustrated. The 
newer metallic endoprostheses are emphasized 
because imaging is pivotal in their deployment, 
assessment, and subsequent evaluation. 

5 . 4.2 

Esophageal Hemorrhage 

Endoscopy has become the primary method used 
for the diagnosis and potential treatment of upper 
gastrointestinal bleeding (Bass and Somberg 1998). 
Esophageal sources of hemorrhage are numerous 
but usually occur secondary to esophagitis, Mallory- 
Weiss tears, varices, or malignancies. Mallory- Weiss 
tears and varices are the most common causes of 
esophageal bleeding. The Mallory- Weiss tear is a 
longitudinal mucosal injury located at the esopha- 
gogastric junction that may follow an episode of 
vomiting with hematemesis. Esophageal varices are 
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most often caused by portal hypertension related to 
cirrhosis in western societies (Fig. 5.4.1). Thus, treat- 
ment of bleeding esophageal varices may be directed 
at the varices, alleviation of portal hypertension, or 
both. 

Endoscopic techniques for control of esophageal 
bleeding include injection, thermal, and mechanical 
therapies (Edmundowicz 1999). Injection of sub- 
mucosal or intramural epinephrine or sclerosants 
can be effective in controlling hemorrhage from a 
number of esophageal lesions, or may be combined 
with other therapies to improve hemostasis. Thermal 
therapies and coaptive technology with the heater 
probe or BICAP device are other options. The heater 
probe and BICAP device allow for effective and safe 
treatment of bleeding sites in the esophagus. This 
technology converts electrical energy to heat and 
causes a coaptive coagulation of the bleeding site 
when the device is applied with pressure. Hemoclips 
and variceal ligators are examples of mechanical 
therapies that may be used for nonvariceal or vari- 
ceal hemorrhage. 

Endoscopy plays a pivotal role in the diagnosis 
and management of esophageal variceal bleeding 
(Bass and Somberg 1998). Sclerotherapy involves 
injection of a sclerosant into or near the varix. 
Mechanical therapies can also be used to treat bleed- 



ing varices. Variceal ligation has emerged as the pre- 
ferred method in the management of variceal hem- 
orrhage; with the development of multiple banders, 
the need for an overtube or re-endoscopy has been 
eliminated. Balloon tamponade has been used for 
many years as an alternate method to temporarily 
control variceal bleeding by compression of the vari- 
ces. Various balloon devices have been used but the 
four-lumen Minnesota tube is regarded as the safest 
because secretions above the esophageal balloon can 
be aspirated continuously. 

Complications from these therapeutic modali- 
ties are variable and include ulceration with recur- 
rent hemorrhage, stricture formation, perforation, 
mediastinitis, and pleural effusions (Agha 1984; 
Kochhar et al. 1992; Sharara and Rockey 2001; 
Subramanyam and Patterson 1986; Tihansky et 
al. 1984). Radiologic imaging has a limited role in the 
diagnosis of many of the esophageal causes of upper 
gastrointestinal bleeding although esophagitis, vari- 
ces, and malignancies are often detected. Imaging 
may be more important in the evaluation of potential 
complications following these procedures (Fig. 5.4.2). 
In particular, a contrast esophagram can assess for 
perforation and stricture formation, although the 
latter complication has diminished with the newer 
therapies. 




Fig. 5.4.1 Multiple linear varices in the lower esophagus 




Fig. 5.4.2 Irregular, nodular narrowing at the lower end of the 
esophagus following endoscopic sclerotherapy. Repeat endo- 
scopic examination showed a stricture and varices 
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5.4.3 

Mucosal Ablation 

Endoscopic resection of mucosal lesions of the 
esophagus is an emerging technique directed at 
the destruction of superficial lesions involving the 
mucosal and submucosal layers of the organ; endo- 
scopic ultrasound may be used to confirm that a 
lesion is limited to these layers of the esophageal 
wall (Edmundowicz 1999). Mucosal ablation may 
be performed using chemical, thermal, or mechani- 
cal methods. Submucosal saline infiltration is often 
used to elevate a lesion from the muscularis propria, 
which is then removed by electrocautery snare. 
Other modalities employed to ablate superficial 
lesions include BICAP, heater probe, argon plasma 
coagulation, laser, and photodynamic therapy. The 
depth of injury must be limited to the inner layers 
of the esophageal wall to avoid perforation, which is 
the major complication. 

Barrett's esophagus is a complication of gastro- 
esophageal reflux disease and the columnar-lined 
mucosa in this disorder may develop dysplasia and 
progress to adenocarcinoma (Armstrong 1994; 
Cameron et al. 1995; Sampliner 1998). Thus, sur- 
veillance of patients with Barrett's esophagus has 
received increasing attention in recent years (Sam- 



pliner 1998; Soni et al. 2000). In patients with high- 
grade dysplasia, invasive malignancy may already 
be present or may develop in subsequent years. 
Therapeutic options include close endoscopic sur- 
veillance with mandatory mucosal biopsies (muco- 
sal staining agents during endoscopy may also be 
used), a major surgical procedure involving esopha- 
gectomy with its associated morbidity and mortal- 
ity, and the use of mucosal ablation techniques, 
which offer attractive alternative choices still under 
extensive investigation (Buttar et al. 2001; Ell et 
al. 2000; Sharma et al. 2001; Schnell et al. 2001; 
van den Boogert et al. 1999). The goal of these 
endoscopic therapies is to remove the columnar 
epithelium, and allow regeneration of squamous 
mucosa in an alkaline milieu (proton pump inhibi- 
tor medications, surgical fundoplication, or both). 
The use of these endoscopic ablative therapies to 
destroy the Barrett's epithelium remains, at present, 
largely experimental and will require further con- 
trolled studies before widespread applications can 
be recommended. 

Complications related to mucosal ablation tech- 
niques will depend on the methods used, the types 
of lesions treated, and the experiences of the opera- 
tors, and are similar to those discussed in the sec- 
tion on esophageal hemorrhage (Edmundowicz 




Fig. 5.4.3a, b. a Tapered stricture ( arrows ) in the mid-esophagus with lower normal-appearing segment consistent with Barrett’s 
esophagus, which was confirmed at endoscopic examination, b Irregular nodularity and stricture in lower esophagus in a patient 
with Barrett’s esophagus. Endoscopy with multiple biopsies showed complicating adenocarcinoma 
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1999). Potential complications include hemorrhage, 
ulceration, sinus tracts, perforation, fistula, stricture, 
and mediastinal processes (e.g. abscess). Radiologic 
imaging may be useful in pre-endoscopic evaluation 
of these patients (Fig. 5.4.3), assessment of immedi- 
ate complications (e.g. esophageal perforation or 
mediastinal abscess), or post-procedural evaluation 
of patients with potential symptomatic complica- 
tions (e.g. dysphagia and stricture formation) (Glick 
1994; Levine et al. 1995). 

5 . 4 . 4 . 

Esophageal Foreign Bodies 

Foreign body ingestion remains a common problem 
and although the actual incidence is difficult to esti- 
mate, reports indicate that 1,500 or more deaths occur 
annually in the United States as a result of this problem 
(Yeaton and Peura 1999). Up to 90% of swallowed 
objects that reach the stomach will pass uneventfully 
through the gastrointestinal tract but the remaining 
minority may become lodged in the esophagus with 
subsequent risk to the patient. Potential complications 
from impacted esophageal foreign bodies include 
mucosal damage with bleeding, respiratory difficulty, 
luminal obstruction, perforation, and sinus tract 
and fistula formation to adjacent structures, which 
may lead to abscess, sepsis, and death. The goals of 
managing patients with potential esophageal foreign 
bodies include proper diagnosis, relief of symptoms, 
and prevention of complications. 

Foreign bodies in the esophagus typically impact 
at physiologic or pathologic areas of narrowing 
with the most common site being the cervical 
inlet followed by the middle esophagus, and least 
likely the lower esophagus. In children, the foreign 
bodies seen most often include accidental ingestion 
of objects such as toys, coins, pins, batteries, and 
bones (Macpherson et al. 1996). Food impaction is 
more likely in adults although other objects, such as 
dentures or partial dental plates, can be swallowed 
(Longstreth et al. 2001). The type and nature of 
the object ingested, the duration of impaction, the 
location of the ingested material, and other factors 
will determine the approach in treating the patient. 
The diagnosis and treatment of esophageal foreign 
bodies is usually performed with radiologic or 
endoscopic techniques depending on these various 
considerations (Maglinte et al. 1995; Weinstock et 
al. 1999); surgical exploration is rarely needed unless 
perforation or subsequent extra-luminal complica- 
tions occur. 



Radiologic imaging is usually used for the initial 
evaluation of the patient with suspected esophageal 
foreign body impaction. If an opaque object is sus- 
pected, such as a coin swallowed by a child, plain 
films are useful for detecting the foreign body and 
may also indicate the site of the impaction depending 
on the orientation of the coin (i.e. esophagus vs. tra- 
chea) (Fig. 5.4.4). Non-opaque foreign bodies in the 
esophagus can be evaluated with contrast examina- 
tions using water-soluble agents or barium suspen- 
sions; typically only several swallows of the contrast 
material are needed to indicate the presence, size, and 
location of a non-opaque foreign body. The choice 
between the use of a water-soluble or a barium agent 
may depend on the suspected location of the foreign 
body (e.g. barium is safer if aspiration risk is high in a 
cervical impaction), on the preference of the clinician 
or radiologist, or on the possible presence of com- 
plications, such as perforation. If endoscopy may be 
needed to remove the foreign body after its diagnosis 
by radiologic examination, a water-soluble contrast is 
preferable since an opaque barium suspension pre- 
vents adequate visualization of the impacted material 
making performance of the endoscopic procedure 
more difficult. 

Depending on their structural nature (e.g. round 
and potentially mobile foreign bodies), radio- 
logic removal of foreign bodies may be attempted 
(Fig. 5.4.5). For an acute distal food impaction, such 
as a piece of meat impacted in the lower esophagus, a 
radiologic approach using gas-crystals with water or a 
contrast material can be attempted (Kaszar-Seibert 
et al. 1990; Rice et al. 1983). The diagnosis of lower 
esophageal food impaction is first confirmed by 
radiological examination; the patient is then placed 
in the upright position and residual contrast material 
usually remains to outline the impacted material. The 
patient then ingests gas-producing crystals followed 
immediately by water or dilute contrast material; the 
generation of gas above the food often propels it into 
the stomach; the procedure can be repeated several 
times, as needed. The administration of glucagon 
intravenously (0.5- 1.0 mg) may facilitate the passage 
of impacted food into the stomach using this tech- 
nique (Colon et al. 1999; Trenkner et al. 1983). This 
method is successful and can be performed safely in 
most patients with lower esophageal food impac- 
tions. Fluoroscopic Foley catheter removal of foreign 
bodies, such as coins, in children is controversial, but 
is another radiologic therapeutic option available 
but used rarely (Macpherson et al. 1996). Typi- 
cally, a deflated Foley catheter is placed distal to the 
foreign body, the balloon is inflated, and the catheter 
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Fig. 5.4.4a, b. a Frontal radiograph of chest shows ‘en-face’ coin swallowed by a child with the appearance of the coin suggesting 
an esophageal location, b Lateral radiograph on the chest in the same patient shows the opposite orientation of the coin which 
is posterior to the trachea (T) and thus located in the esophagus 




Fig. 5.4.5a, b. a Food (F) impaction in the lower esophagus with small amount of contrast material progressing below the impac- 
tion. b Post-endoscopic removal of the food impaction, which was a meat bolus. Repeat contrast examination shows a stricture 
( arrows ) and hiatal hernia 
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retracted orad dragging the coin (or other ‘smooth’ 
object) into the oral cavity. 

Endoscopy can also be used for the diagnosis and 
more importantly the treatment of esophageal foreign 
bodies of various sizes and shapes, including sharp 
objects such as pins (Yeaton and Peura 1999). The 
endoscopic techniques employed to treat patients with 
foreign bodies in the esophagus will depend on several 
considerations including the type of material impacted, 
but the therapeutic modality of choice is often endo- 
scopic extraction (Mamel et al. 1995; Saeed et al. 1990). 
An additional non-endoscopic technique, digestion of 
a meat bolus enzymatically with topical proteolytic 
agents, is no longer favored. Endoscopic accessories 
available for foreign body extraction include retrieval 
baskets, polyp grabbers, biopsy forceps, foreign body 
forceps, polypectomy snares, and overtubes (Fig. 5.4.6). 
Flexible (vs. rigid) endoscopic removal of a meat bolus 
is the preferred method of choice and can be performed 
much like standard endoscopic examinations. Coins, 
batteries, dental objects, and sharp and pointed objects 
require different and often more specific approaches 
(Fig. 5.4.7). The major risks of endoscopic removal 
include esophageal perforation, aspiration, and airway 
occlusion. Finally, following removal of a foreign body 
in the esophagus, regardless of the method used, a thor- 
ough radiographic or endoscopic examination should 
be performed to determine a potential underlying 
cause of the obstruction, such as a lower esophageal 
mucosal ring. 



5.4.5 

Achalasia 

Achalasia is characterized by aperistalsis of the 
esophagus and lower esophageal sphincter dysfunc- 
tion (Vaezi and Richter 1999). Treatment of acha- 
lasia involves reducing the functional obstruction of 
the sphincter to improve esophageal emptying and to 
relieve symptoms, such as dysphagia and regurgita- 
tion. Pneumatic dilatation of the esophagus (Fig. 5.4.8) 
and the modified Heller myotomy, which is now per- 
formed laparoscopically, are the most effective forms 
of therapy to treat achalasia (Imperiale et al. 2000; 
Vaezi and Richter 1999). Local injection of botuli- 
num toxin is performed under endoscopic guidance 
and may offer temporary relief by reducing the lower 
esophageal sphincter tone (Kolbasnik et al. 1999; 
Prakash et al. 1999). 

The ‘open’ Heller myotomy was the major alter- 
native to pneumatic dilatation for the treatment of 
achalasia for many years but can now be done using 
laparoscopic techniques (Ackroyd et al. 2001; Cade 
2000; Katilius and Velanovich 2001; Kumar et al. 
1998). Similar to the open surgical methods, incision 
of the muscular layers of the esophagogastric junction 
over a short segment is performed laparoscopically. 
The addition of an anti-reflux wrap (partial or total) 
following the cardiomyotomy has been controversial, 
but a small percentage of patients will develop gastro- 
esophageal reflux, which may be alleviated by use of an 





Fig. 5.4.6a, b. a Food impacted in the lower end of the esophagus. Radiographic 
attempts at dis-impaction of the food using gas crystals were unsuccessful, b Food 
impaction was removed using several endoscopic accessories. Repeat contrast 
examination shows a mild stricture ( arrows ) and hiatal hernia 



a 
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Fig. 5.4.7a, b. a. Patient swallowed a portion of a dental plate. 
Contrast esophagram shows a rectangular filling defect in the 
lower esophagus, b. Endoscopic image shows a tooth (arrow) 
attached to the dental plate, c Photograph of the dental plate 
after endoscopic retrieval; no complications occurred during 
the procedure 




anti-reflux procedure. Complications of this procedure 
may be immediate or delayed and include perforation 
at the operated site, gastro- esophageal reflux, and 
stricture; many of these potential complications can be 
evaluated with radiographic contrast examinations. 




Fig. 5.4.8a, b. a Microvasive pneumatic dilator (Boston Scien- 
tific, Watertown, MA), which is a popular instrument used to 
treat achalasia, b Inflated balloon end of the same dilator; 
balloons are available in various sizes, ranging from 3.0 cm 
to 4.0 cm 

Pneumatic dilatation of the lower esophagus for 
the treatment of achalasia involves placement of an 
inflatable balloon across the esophagogastric junc- 
tion using fluoroscopic guidance (Eckardt et al. 
1997; Katz et al. 1998; Metman et al. 1999; Molina 
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et al. 1995; Ott et al. 1987; Ott et al. 1991; Vaezi et 
al. 1999). Larger pneumatic dilators, which measure 
3. 0-4.0 cm in diameter, are available for this proce- 
dure although a wide variety of different types of 
dilators were used in the past. The Rigiflex pneumatic 
dilator (Microvasive, Milford, MA) in the 30 or 35 mm 
sizes is commonly employed; a guidewire is placed 
into the stomach through an endoscope and its loca- 
tion verified fluoroscopically. The dilator is advanced 
over the guidewire and the balloon positioned at the 
esophagogastric junction. One or more inflations of 
the balloon can be performed; the impression from 
the lower esophageal sphincter is evident transiently 
by a constriction at the waist of the balloon but 
disappears quickly. Potential complications include 
malplacement of the dilator, mucosal injury with 
bleeding, intramural hemorrhage, and perforation. 

Radiographic evaluation of the esophagus fol- 
lowing pneumatic dilation is useful to detect serious 
complications, such as perforation (Fig. 5.4.9) which 
occurs in about 5% or less of patients using modern 
dilators (Eckardt et al. 1997; Metman et al. 1999; 
Molina et al. 1995; Ott et al. 1987; Ott et al. 1991; 
Vaezi et al. 1999). Although perforation of the esoph- 
agus is easily determined with contrast studies, espe- 
cially if esophageal intubation is used, reports have 




Fig. 5.4.9. Following pneumatic dilatation of the esophagus 
for achalasia, an intubated water-soluble contrast examination 
was performed which showed a large perforation (P) arising 
from the left lateral wall of the lower esophagus 



conflicted on the value of the radiologic examination 
in predicting the clinical response of the patient. 
Parameters that have been studied include changes 
in the radiographic appearance of the esophagogas- 
tric region, rate of esophageal emptying using vari- 
ous contrast materials or radionuclide agents, type 
and size of the dilators and techniques used, inflation 
pressures generated and their duration, presence or 
absence of blood on the dilator, severity of chest pain 
during the procedure, and changes in manometric 
measurements, such as the lower esophageal sphinc- 
ter pressure. Most investigations have shown that 
these parameters fail to predict the long term results 
after pneumatic dilatation. 

Regarding radiographic changes following pneu- 
matic dilatation, an increase in the caliber of the 
esophagogastric junction occurs commonly follow- 
ing this procedure. In a compilation of six reports 
using various types of dilators and techniques, 
the mean caliber of the esophagogastric junction 
increased from pre-dilation widths of 2. 3-4. 7 mm 
to post-dilation calibers of 4.8-10.0 mm (Ott and 
Chen 1998). Clinical improvement in these investiga- 
tions was seen in 59% to 88% of the patients treated 
but no significant correlation was found between 
the symptomatic response of the patient and the 
change in caliber of the esophagogastric region. In 
addition, the contour of the post-dilated esophagus 
(i.e. smooth vs. irregular) and the status of esopha- 
geal emptying (i.e. immediate vs. delayed) do not 
correlate well in predicting the long term relief of 
patient symptoms (Ott et al. 1987; Ott et al. 1991). 
Thus, the main role of the radiographic examination 
used immediately following pneumatic dilatation for 
achalasia is to assess for serious complications, such 
as perforation, which may necessitate emergent sur- 
gery. Smaller intramural or confined perforations of 
the esophagus may also be seen in patients undergo- 
ing pneumatic dilatation and are often amenable to 
more conservative management. 

5.4.6 

Peptic Stricture 

Focal narrowing of the esophagus results from a 
variety of inflammatory and neoplastic processes 
but peptic stricture of the lower esophagus is one 
of the most common causes (Edmundowicz 1999; 
Karasick and Lev-Toaff 1995; O’Connor and 
Richter 1999). Gastro-esophageal reflux disease can 
cause morphologic changes of reflux esophagitis that 
may progress to fibrotic narrowing and stricture for- 
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mation (Karasick and Lev-Toaff 1995; O’Connor 
and Richter 1999; Ott 1994). The typical peptic 
stricture is located at the esophagogastric junction 
and is usually found in the presence of hiatus hernia 
(Fig. 5.4.10). Differential considerations for focal nar- 
rowings in the lower esophagus include mucosal ring, 
malignant strictures, and intrinsic strictures due to 
other factors, such as sclerotherapy, radiation, or 
caustic ingestion; in addition, extrinsic processes or 
those arising from the stomach may involve or invade 
the esophagus and mimic peptic stricture. Thus, in 
patients with dysphagia and focal esophageal nar- 
rowing, radiographic and endoscopic examination 
is warranted in assessing these differential causes 
before therapy is initiated. 

Once the diagnosis of peptic stricture is estab- 
lished and malignancy (and Barrett esophagus) has 
been excluded, therapeutic options can be consid- 
ered. The clinical course of peptic stricture is usually 
chronic and progressive and the importance of con- 
trolling the underlying causes of this disease (i.e. anti- 
reflux therapy) must be understood. More aggressive 
treatment of peptic stricture includes intralesional 
steroid injections, peroral esophageal dilatations, 
and surgery (Edmundowicz 1999; O’Connor and 
Richter 1999). Steroid injections into the site of 
stricture have been controversial, but may reduce 
inflammation and delay or possibly prevent fibrosis; 
however, patients having this form of therapy often 
require dilatations or even anti-reflux surgery. 

Esophageal dilatation is usually the initial method 
of choice for treatment of benign strictures and has 
proven safe and effective in relieving associated 
dysphagia (Edmundowicz 1999; O’Connor and 
Richter 1999; Pereira-Lima et al. 1999; Scolapio 
et al. 1999). Esophageal dilatation involves repetitive 
passage of increasingly larger dilators across a stric- 
ture, usually on a frequent basis, until a lumen size of 
14-15 mm or larger is obtained. The three main types 
of dilators used in the United States are: 1) mercury- 
filled rubber types (Maloney or Hurst); 2) wire-guided 
Savary-Gilliard dilators (Fig. 5.4.11); and 3) balloon 
dilators that can be passed endoscopically or over 
a guide wire. These procedures may be performed 
using fluoroscopic guidance, but may be done in an 
outpatient setting, or performed by the patient at 
home. Esophageal perforation is the most important 
complication of stricture dilation, although a variety 
of lesser problems, such as placement in the trachea or 
curling in the esophagus, may occur (Edmundowicz 
1999; O’Connor and Richter 1999; Saeed et al. 
1997). The esophageal perforation rate with the more 
modern dilators is extremely low, and is about 0.25% 




Fig. 5.4.10. Focal narrowing of the lower esophagus ( arrows ) 
due to peptic stricture 




a 




Fig. 5.4.1 la, b. a Savary-Gilliard esophageal dilators (Wilson- 
Cook Medical, Winston-Salem, NC) of various sizes, b Tapered 
tips of the same dilators. Sizes at the level of the dark rings 
are 20 mm (60F), 15 mm (45F), 11 mm (33F), and 8 mm (24F) 
from the top to bottom, respectively 
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per procedure; however, the risk is higher in more 
complex and narrower strictures (O’Connor and 
Richter 1999). Radiographic evaluation of patients 
following stricture dilation with suspected esopha- 
geal injury is similar to evaluating any individual 
with suspected esophageal perforation. 

Surgical therapy for peptic stricture is indicated 
in those who have failed repeated esophageal dilata- 
tions or are not suitable for aggressive medical ther- 
apy (Edmundowicz 1999; O’Connor and Richter 
1999). Anti-reflux operations available to patients 
with reflux disease and often refractory complica- 
tions have evolved in recent years from open thoracic 
or abdominal procedures to those performed using 
laparoscopic techniques (Hatfield and Shapir 
1985; Klingler et al. 1999; Luostarinen 1993; 
Skucas et al. 1976). The standard open Nissen fun- 
doplication was the most commonly used procedure, 
and whether partial or complete fundic wraps were 
used depended on factors such as the effectiveness 
of esophageal peristalsis and potential avoidance of 
post-operative dysphagia or ‘gas-bloat’ syndrome. 
These procedures have been modified for laparo- 
scopic use; however, post-operative complications, 
both acute and late in origin, can occur which 
may warrant radiographic evaluation (Fig. 5.4.12) 
(Klingler et al. 1999). 



5 . 4.7 

Esophageal Malignancy 

Squamous cell carcinoma and adenocarcinoma are 
the most common primary esophageal malignan- 
cies (Chen et al. 1999; Jenkins and Friedman 1999; 
Wolf man et al. 1994). Early diagnosis of esophageal 
carcinoma portends a better prognosis because the size 
of the lesion and extent of invasion into the esophageal 
wall are related; however, in the absence of effective 
screening programs, esophageal malignancy is usu- 
ally diagnosed as a more advanced tumor, which has 
invaded adjacent organs and is associated with a poor 
survival (Fig. 5.4.13). Adenocarcinoma has increased 
dramatically in prevalence; this malignancy typically 
originates in the lower esophagus and may arise from 
the esophageal glands, heterotopic gastric mucosal, 
or metaplastic columnar epithelium, so-called Bar- 
rett’s carcinoma (Cameron et al. 1995; Jenkins and 
Friedman 1999; Sampliner 1998). Indeed, the most 
common origin is believed to be dysplastic Barrett’s 
epithelium. Surgery for esophageal malignancy may 
be performed for curative intent, but endoscopic pro- 
cedures and the use of a variety of endoluminal stents 
can be used to manage these patients. 

Malignant obstruction of the esophagus and pal- 
liation of dysphagia or associated complications (e.g. 




Fig. 5.4.1 2a, b. a Pre-operative appearance of the lower esophagus in a patient with 
gastro-esophageal reflux disease showing a large epiphrenic diverticulum (D). b 
Following laparoscopic fun doplication, herniation of the operative site ( arrows ) has 
occurred. Patient developed recurrent symptoms of reflux disease several months 
after the procedure 
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Fig. 5.4.13 Advanced, annular squamous cell carcinoma of the 
lower esophagus 

mediastinal sinus tract or airway fistula) are commonly 
treated with endoscopic methods (Edmundowicz 
1999). Mucosal ablation or resection techniques for 
possible curative treatment of early esophageal malig- 
nancy or management of Barrett’s esophagus were 



discussed previously. A tissue diagnosis is important 
initially because esophageal stricture or obstruction 
may be due to a benign or a malignant cause and early 
treatment may be similar. Tumor ablation combined 
with serial dilatations can destroy and reduce malig- 
nant tissue bulk and also increase the luminal diam- 
eter of the esophagus to relieve dysphagia and improve 
nutrition of the patient. If the various tumor ablation 
techniques and standard dilatations are not successful 
or need to be repeated frequently, endoscopic stent 
placement offers another option. 

Endoscopic stent placement for malignant obstruc- 
tion of the esophagus has evolved in recent years from 
the use of plastic stents to the deployment of expand- 
able metallic stents (Adam et al. 1998; Bethge and 
Vakil 2001; Cwikiel et al. 1998; Ell and May 1997; 
Knyrim et al. 1993; Mosca et al. 2000; Vakil et al. 
2001). Large diameter plastic stents were successful in 
relieving dysphagia in selected patients, but have been 
replaced by the metallic stents; complications included 
migration, tumor overgrowth, and obstruction, which 
were evaluated with radiographic filming and contrast 
examinations. Expandable metallic stents provide a 
newer approach to palliative treatment of malignant 
strictures that offers several advantages (Fig. 5.4.14). 
The stent introducers are of a smaller diameter (some 
pass through the endoscopic channels), which limits 
the need for extensive dilatation of the area of malig- 
nant narrowing, thus avoiding potential complications, 
such as perforation of the esophagus (Fig. 5.4.15). The 
expandable stents are also designed to slowly create 
radial forces that enlarge the luminal diameter until the 




Fig. 5-14a,b. a Endoscopic image of partial deployment of a metallic esophageal stent, b Same stent after full deployment 
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Fig. 5.4.1 5a, b. a Radiographic appearance of partial deploy- 
ment of an esophageal metallic stent for palliative treatment of 
esophageal carcinoma, b Water-soluble contrast examination 
of the esophagus the next day shows full deployment of the 
stent and patency of the lumen without complications, such 
as perforation 



stent is expanded fully. Coated stents are available which 
help to prevent tumor in-growth through the metallic 
mesh and permit the closure of sinus tracts, fistulas, and 
perforations. Disadvantages of metallic stents include 
their cost, difficulties with migration, and the continued 
problem of tumor growth and occlusion. As with plastic 
stents, radiographic imaging is helpful in evaluation of 
the position of the stents in the esophagus and associ- 
ated complications (Fig. 5.4.16) (Gollub et al. 1997; 
Morgan et al. 1997; Nevitt et al. 1996). 

5.4.8 

Conclusion 

In conclusion, management of esophageal diseases 
in the past consisted primarily of diagnosis and pos- 
sibly surgical or radiation treatment. Major advance- 
ments in esophageal intervention have occurred in 
recent years, especially with the use of endoscopic 
techniques. The endoscopist typically performs 
many of these interventional procedures, but imaging 
may be require before, during, or after the endoscopic 
intervention is performed. In this chapter, we have 
discussed a variety of esophageal problems amenable 
to endoscopic intervention and reviewed the role of 
imaging in assisting in the management of these 
disorders and their potential complications. 




Fig. 5.4.1 6a, b. a Fully deployed metallic stent in the mid-esophagus at the level of the aortic arch and carina on a plain chest 
radiograph, b Patient developed dysphagia and the stent was no longer seen in its previous location on the chest film. An 
abdominal radiograph showed that the stent had dislodged and migrated into the stomach 
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6.1 

Introduction 

The pharynx and esophagus belong to the upper 
digestive tract; their morphology and function 
enable normal swallowing. Dysphagia is one of the 
main symptoms in patients with pharyngeal and 
esophageal diseases. Diagnostics need to consider 
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the entire swallowing chain from the oral cavity 
to the stomach. However, there is a close relation- 
ship between diseases of the pharynx, larynx and 
esophagus: gastrointestinal disorders, e.g. reflux 
disease, may show extraesophageal manifestations 
in the pharynx and larynx, and in case of tumours 
in the upper aerodigestive tract or esophagus, there 
may occur additional simultaneous tumours urging 
for early diagnosis. 

For diagnostic evaluation, endoscopy has emerged 
as the “first line” examination. Technical progress 
has improved the quality of endoscopic imaging 
and enabled video documentation in clinical rou- 
tine. In addition to the endoscopic visualization of 
the aerodigestive tract, biopsies allow histological 
diagnosis, and therapeutic manipulations can be 
performed. Together with radiology, endoscopy has 
become indispensable in the management of dis- 
eases of the pharynx and esophagus. A main focus 
of diagnostic interest is the differential diagnosis 
between structural diseases and functional disor- 
ders. For therapeutic decision-making, it is of utmost 
importance to prove or exclude malignancy and 
aspiration. 

Patients with pharyngeal and esophageal diseases 
will often cross specialty lines. About 80% of patients 
with esophageal disorders present first to an otolar- 
yngologist because they suffer from head and neck 
symptoms, like dysphagia, cough or globus sensation. 
Whereas otolaryngology deals with laryngo-pha- 
ryngeal disorders, the management of esophageal 
diseases falls more appropriately within the realm of 
gastroenterology, which is competent for the whole 
intestine, as well as thoracic surgery. This interdisci- 
plinary approach is reflected by the two authors of 
this chapter. 

Endoscopy and radiology are not the only instru- 
mental methods in the diagnostic armamentarium. 
In addition, depending on the patient’s symptoms 
and endoscopic or radiologic findings, further 
examinations may be needed for conclusive analysis 
of the pharynx and esophagus. For example, manom- 
etry, manofluorography, pH-metry, scintigraphy for 
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quantification of the pharyngo-esophageal transport, 
or electromyography provide valuable information. 

It is the goal of this chapter to describe the endo- 
scopic examination of the upper aerodigestive tract 
and examples of typical findings. Advantages and 
limitations of endoscopy are demonstrated. More- 
over, the role of endoscopy within the diagnostic 
work-up of dysphagic patients and future aspects 
will be discussed. 



6.2 

Endoscopy of the Pharynx and Larynx 

A critical area for deglutition without aspiration is 
crossing of the airway and digestive tract, which is 
localized in the hypopharynx. Apart from degluti- 
tion, pharyngeal structures belong to the vocal tract, 
which is responsible for articulation and resonance. 
Therefore, the pharynx and larynx as part of the upper 
aerodigestive tract have to be evaluated in context by 
the otolaryngologist. With the mirror examination, the 
ability to adequately visualize the pharynx and larynx 
may be limited. Therefore, endoscopy has become a 
standard examination in clinical routine. 

Indications for endoscopy of the pharynx and 
larynx are patients presenting with symptoms of 
respiratory and swallowing diseases. Symptoms are 
dysphagia, aspiration, regurgitation, odynophagia and 
dysphonia (hoarseness). Before endoscopy is carried 
out, a history has to be taken and a mirror examina- 
tion of ears, nose, mouth, pharynx and larynx is per- 
formed. 

The indirect endoscopy of the pharynx and larynx 
views their inner surface via optical instruments. It 
can be performed transorally with rigid endoscopes 
(telescopes) and transnasally with flexible endo- 
scopes. Video documentation should be obtained 
whenever possible. 

6.2.1 

Indirect Rigid Endoscopy of the Hypopharynx 
and Larynx 

Rigid 70° and 90° degree telescopes (Fig. 6.1) are used 
to evaluate the hypopharynx and larynx indirectly. 
They provide a magnified view in high resolution, 
allow videotaping for documentation and can be 
used in association with stroboscopy to evaluate vocal 
fold vibrations. In addition, indirect rigid endoscopy 
enables the performance of office-based laryngeal sur- 




Fig.6.1. Rigid telescope and flexible rhinolaryngoscope 



gical procedures under topical anaesthesia (biopsies, 
indirect phonosurgery for voice improvement). 

For endoscopy, the patient sits in an upright posi- 
tion, with his tongue protruded, and the examiner 
gently inserts the objective end of the telescope 
posteriorly over the base of the tongue until the 
hypopharynx and larynx are seen. The unphysiologi- 
cal patient condition allows only the examination 
of “hi”-phonation, but not the direct observation of 
articulation and swallowing. In cases of gag reflex, 
local anaesthesia can facilitate the examination. The 
observer examines morphology (e.g. signs of inflam- 
mation, tumour) and function (vocal fold mobility, 
pooling/aspiration of saliva). 

6.2.2 

Flexible Endoscopy of the Pharynx and Larynx 

Transnasal flexible nasopharyngolaryngoscopy is a 
common procedure among otorhinolaryngologists 
for assessing nasal, velopharyngeal and laryngeal 
pathology. Moreover, it is used for the evaluation 
of oropharyngeal swallowing and as a treatment 
tool in biofeedback therapy of voice and swallowing 
disorders. 

The flexible rhinolaryngoscope consists of an 
objective lens at the distal end of the insertion por- 
tion of the endoscope. The diameter of the inser- 
tion tube of the scope is kept as small as possible 
(3-4 mm). A xenon or halogen light source is used. 
With a chip camera the image is viewed on a monitor 
and recorded on a video recorder. 

The flexible nasopharyngolaryngoscope is inserted 
through the nasal passage, a topical anaesthesia (e.g. 
anaesthetic and decongestant spray) can be applied 
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before. The examination starts with the visualization 
of the nasal fossa, the epipharynx and velum. The 
velopharyngeal competence and closure is tested. 
Then, the endoscope is passed down to just above the 
epiglottis where the larynx and hypopharynx can be 
seen (panoramic view). Tongue base, position and 
morphology of the epiglottis, configuration of the 
posterior pharyngeal wall, vallecular spaces, piriform 
sinuses, arytenoids and vocal folds are investigated. 
After that, the scope is moved further down just above 
the vocal folds for detailed inspection (larynx view). 
Signs of inflammation, mucosal abnormalities, mass 
lesions and vocal fold mobility can easily be observed. 
If local anaesthesia was administered to reduce the 
cough reflex, the glottic level can be passed for inspec- 
tion of the subglottic region and trachea. 

Flexible endoscopy is also appropriate for patients 
who cannot be examined by mirror or rigid endos- 
copy because of a strong gag reflex and for patients 
who are not able to cooperate, e.g. paediatric or 
emergency patients. The main advantage is that the 
flexible endoscope can be left in position during 
phonation, articulation and swallowing, therefore it 
is used for evaluation of functions. As a limitation it 
has to be pointed out that the image quality of flex- 
ible endoscopy does not reach that of rigid endos- 
copy. Whenever videostroboscopy is performed, the 
method of choice is rigid endoscopy. 

Our experience with more than 4000 endoscopies 
shows that flexible endoscopy is a procedure without 
major complications. However, vasovagal reaction, 
laryngospasm or epistaxis are described in the litera- 
ture. Therefore, all measurements for managing such 
complications must be available. 

6.2.3 

Examples of Typical Findings 

Normal Hypopharynx and Larynx. The base of the 
tongue, posterior pharyngeal wall, piriform sinus 
and supraglottis are covered by intact epithelium, 
the vocal folds present in white colour due to the 
non-keratinizing squamous epithelium. Both vocal 
folds move symmetrically between the respiration 
and phonation position. No pooling of saliva or 
food is seen. 

Hypopharynx Carcinoma. Foreign tissue and perhaps 
ulceration is seen in the hypopharynx (posterior pha- 
ryngeal wall, piriform sinus or postcricoid region). 
Due to tumour infiltration, vocal fold motility may 
be disturbed. Figure 6.2 shows an exophytic tumour 




Fig. 6.2. Hypopharynx carcinoma tumour mass in the left 
pyriform sinus (indirect rigid hypopharyngolaryngoscopy 
[From Becker et al. (1983)] 

mass in the left piriform sinus, reaching the postcri- 
coid wall. Due to tumour infiltration the left vocal 
fold is paralysed. The patient's symptoms included 
dysphonia, dyspnea and long-lasting slowly progres- 
sive dysphagia. 

Reflux Laryngitis. Gastroesophageal/pharyngeal reflux 
disease can lead to a laryngitis which is not always lim- 
ited to the posterior larynx. Possible morphological 
findings are reddening of the arytenoids, hypertrophy 
in the posterior commissure, contact granuloma of the 
vocal process or glottic/subglottic stenosis. 

Reinke’s Oedema. This type of chronic laryngitis 
frequently occurs in smokers, in patients with 
vocal abuse and in endocrinological dysfunctions 
(e.g. menopause, hypothyroidism). It presents with 
oedematous, thickened vocal folds and vasectasias 
(Fig 6.3). The voice typically sounds low and fre- 
quently hoarse. 

Leukoplakia of the Vocal Folds. The epithelium is 
covered by a white coat, and distinction from malig- 
nancy can only be made histologically. Stroboscopy 
helps to judge whether the process is infiltrating or 
not, but cannot replace histology. If the vocal fold 
does not vibrate in stroboscopy, an infiltrating pro- 
cess is present, and urgent microlaryngoscopy with 
biopsy for histological examination is indicated. 

Unilateral Vocal Fold Paralysis. The paralysed vocal 
fold is in fixed position (median, paramedian, inter- 
mediate or lateral), the arytenoid may be dislocated 
anteriorly. During phonation, depending on the posi- 
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Fig. 6.3. Reinke’s oedema (rigid hypopharyngolaryngoscopy) 




Fig. 6.4. Vocal fold paresis, left side (flexible hypopharyngo- 
laryngoscopy) 



tion of the vocal fold, glottic closure is incomplete. 
Stroboscopy may be of some prognostic value: the 
presence of the mucosal wave is a good prognostic 
sign. Figure 6.4 shows a left-sided vocal fold paresis 
in paramedian position. 

6 . 2.4 

Flexible Endoscopic Evaluation of Swallowing 

The flexible endoscopic evaluation of swallowing 
(FEES), also called videoendoscopic swallowing study 
(VESS), was introduced by Langmore et al. (1988) 
and Bast ian (1991). This dynamic diagnostic method 
allows an evaluation of the oropharyngeal swallow 
and has become a routine otorhinolaryngological/ 
phoniatric procedure. It aims at defining the indi- 
vidual swallowing profile of the patient examined, 
which enables an adequate treatment planning and 
recommendation for feeding. FEES is regarded to be 
more than a screening procedure and does not only 
identify dysphagia and aspiration, but reveals the 
pathophysiology of the swallowing disorder. 

According to the modified barium swallow, FEES 
is performed as a tailored examination (Bigen- 
zahn and Denk 1999; Schroter-Morasch 1999; 
Schroter-Morasch et al. 1999; Langmore 2001): 
coloured food in different consistencies is used 
depending on the history and clinical findings. Suc- 
tion must be available in case of aspiration. Before 
endoscopy, the patient has to be observed in the clini- 
cal examination, and neurological symptoms or dis- 
orders of speech, language or voice have to be noted. 



The patient is in an upright position with the head 
slightly down to facilitate swallowing function. Gener- 
ally, no local anaesthetic spray is used in order not to 
impair pharyngolaryngeal sensibility. If needed, only 
cotton balls with local anaesthetic and decongestant 
are positioned into the nose before endoscopy. The 
flexible rhinopharyngolaryngoscope is introduced 
transnasally into the oro- and hypopharynx and is 
left in place during deglutition. Videotaping allows 
an analysis in slow motion and discussion of the find- 
ings in the interdisciplinary management team. 

The endoscopic examination consists of two 
parts: non-swallowing and swallowing assessment. 
In the “non- swallowing assessment”, anatomy and 
function are investigated. The mobility of the vocal 
folds, the occurrence of hyperkinetic movements, 
pooling/aspiration of saliva, cough reflex (elicited by 
gently touching the glottis with the tip of the endo- 
scope) and the possibility of intentional (voluntary) 
throat clearing are tested. Velum, pharynx and larynx 
are observed not only during respiration, but also 
during phonation, breathhold manoeuvres, throat 
clearing and coughing to test the intentional and 
reflexive mobility. The second part of the procedure 
comprises the swallowing assessment, i.e. “dry swal- 
low” with saliva and “food swallows” with measured 
quantities of food and liquid of different consisten- 
cies, dyed with blue food colouring. The endoscope is 
positioned in the panoramic view above the tip of the 
epiglottis. In tracheostomized patients, endoscopy 
via the tracheostoma is performed in addition. 

Swallowing function is evaluated with regard to 
saliva pooling, triggering of the swallowing reflex, 
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leaking, penetration, retention, aspiration, cough 
reflex, and regurgitation. Regurgitation leads to sus- 
picion of a hypopharyngeal/esophageal stenosis or 
Zenker’s diverticulum. Aspiration before and after 
the swallow can be viewed, whereas aspiration during 
the swallow cannot be seen directly. Also the amount 
of aspiration cannot be judged securely (only in 
patients without cough reflex or tracheostomy). The 
ability to effectively clear the throat of retention and 
aspirated material is tested. Finally, compensatory 
postures, swallowing techniques and different food 
consistencies are evaluated for establishing an indi- 
vidually tailored treatment program. Moreover, flex- 
ible endoscopy has proved to be a treatment tool for 
visual biofeedback training in functional swallowing 
therapy (Denk and Kaider 1997). The combination 
with other diagnostic procedures may be useful. 
Commercially available “workstations” eventually 
comprise sonography, electromyography or other 
diagnostic methods in addition. Figure 6.5 shows a 
static image of aspiration. Coloured liquid is pouring 
down the subglottic region into the trachea. 

6.2.4.1 

Advantages and Limitations 

The following limitations of FEES have to be taken 
into account: 

There is no direct visualization of the bolus on its 
entire way from mouth to stomach as offered by 
videofluoroscopy. 

Laryngeal closure (because of epiglottic tilting) 
and aspiration during the swallow cannot be 
examined directly. The view during the swallow 
is obscured because pharyngeal mucosa and the 
bolus touches the tip of the endoscope. 
Larynx/hyoid elevation and upper esophageal 
sphincter function are not shown. Diseases of the 
pharyngoesophageal segment and esophagus can 
only be indirectly supposed in the case of pharyn- 
geal residue and/or pharyngeal regurgitation. 
Routinely, esophagoscopy is not part of the exami- 
nation. Some authors propose to use a longer flexi- 
ble endoscope to routinely evaluate the esophagus 
during FEES (Herrmann 1998). 

The influence of the endoscope as a foreign body 
during swallowing has not yet been evaluated exactly. 

On the contrary, there are many advantages of 
FEES; 

The direct visualization of the upper-aerodiges- 
tive tract reveals even subtle morphological or 
functional findings. 




Fig. 6.5. Aspiration (flexible hypopharyngolaryngoscopy) 
[From Bigenzahn and Denk (1999)] 



It is a non-invasive procedure without any radia- 
tion exposure, repeatable as often as necessary 
and available also as a bedside examination. 
Regular food, not barium, is used. 

6.2A.2 

Comparison of FEES and Videofluoroscopy 

The only methods for visualization of aspiration are 
videofluoroscopy (VFS) and FEES. VFS visualizes the 
bolus on its all the way from the oral cavity to the 
stomach and was the first instrumental procedure 
for the assessment of dysphagia (Logemann 1993, 
1998; Jones and Donner 1991; Ekberg and Olsson 

1997) . FEES directly shows the upper aerodigestive 
tract. Especially with regard to cost effectiveness, the 
question arises as to which method is best for the 
evaluation of dysphagia. Literature and own studies 
show that these dynamic methods are not alternative, 
but complementary procedures (Schima and Denk 

1998) . Both are valuable, each procedure has its place 
in the clinical setting. Together they represent the 
gold standard in dysphagia evaluation. 

Comparing the findings of FEES and VFS, there 
is excellent agreement with regard to aspiration and 
retention. Due to the limitations of FEES mentioned 
above, VFS remains indispensable for the evalua- 
tion of the complete upper digestive tract in one 
examination. FEES is the method of choice for the 
first-line examination, follow-up examinations, for 
unfit patients in the intensive care unit and for the 
evaluation of compensatory manoeuvres. 
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6.2A.3 

Flexible Endoscopic Evaluation of Swallowing 
with Sensory Testing 

Flexible endoscopic evaluation of swallowing with 
sensory testing (FEESST) is the combination of FEES 
with laryngopharyngeal sensory testing and was first 
described by Aviv et al. (1998, 2002). The quantita- 
tive testing of sensory thresholds is performed by 
endoscopically delivered standardized air puffs to 
the mucosa innervated by the superior laryngeal 
nerve to elicit the laryngeal adductor reflex. A study 
by Aviv et al. (2000) could show that the outcome of 
dysphagia management with regard to pneumonia 
incidence was the same using videofluoroscopy and 
FEESST. 



6.2.5 

Direct Endoscopy of the Pharynx and Larynx 

Direct rigid endoscopy of the pharynx and larynx, 
which was developed by Kleinsasser (1968) 
(“laryngeal suspension microlaryngoscopy”), does 
not only allow microscopic evaluation of the phar- 
ynx and larynx, but also surgical therapies (pho- 
nosurgery with the aim of voice improvement, cold 
steel and laser surgery). The procedure is carried out 
under general anaesthesia. Various laryngoscopes are 
available in different sizes and types, e.g. from Klein- 
sasser (1968) (Fig. 6.6). The patient is lying in supine 
position. After protecting the teeth, the laryngoscope 
is inserted down to the level of the vocal folds under 
inspection of the hypopharynx and supraglottis. 
Then, the laryngoscope is held by a laryngoscope 
holder that rests on a table over or directly on the 
patient’s chest. The microscope is then positioned. 




Recently developed ventilation techniques have 
led to the possibility of tubeless jet ventilation to 
avoid intubation (Aloy et al. 1995). This method 
improves the operative conditions for the surgeon 
by providing more space for manipulation and better 
visibility. Moreover, it is also suited for laryngeal 
laser surgery, thus avoiding flammable tubes, and for 
endoscopic surgery of stenoses. 

6.2.5. 7 

Examples of Typical Findings 

Vocal Fold Granuloma. Figure 6.7 shows the micro- 
laryngoscopical view of a typical vocal fold granu- 
loma, which is located on the vocal process. It may 
occur after intubation (intubation granuloma) or is 
often associated with reflux disease (contact granu- 
loma). Additional risk factors for development of a 
contact granuloma are functional voice disorders and 
psychogenic factors. For therapy, conservative treat- 
ment with proton pump inhibitors and logopaedic 
voice therapy can be tried. If the pathology persists 
or if a histological diagnosis is necessary, microlar- 
yngoscopic surgery is performed. 

Zenker's Diverticulum. As an alternative to the exter- 
nal approach with resection of a Zenker’s diverticu- 
lum, endoscopic laser surgery may be performed. In 
Fig. 6.8, the party wall between the esophagus and 
Zenker’s diverticulum is seen when endoscopically 
exposed before laser surgery. 




Fig. 6.6. Laryngoscope according to Kleinsasser for direct Fig. 6.7. Granuloma of the left vocal process (direct microlar- 
microlaryngoscopy yngoscopic view) 
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Fig. 6.8. Zenker’s diverticulum (direct hypopharyngoscopic Fig. 6.9. Carcinoma of the larynx (direct microlaryngoscopy), 
view), intraoperative view on a party wall between the esopha- The tumour mass is seen on the vocal folds 
gus and Zenker’s diverticulum. The laser marking for the 
planned laser resection can be seen 



Laryngeal Carcinoma. An irregular mucosal surface 
or a tumour mass maybe observed in the supraglottic 
(Fig. 6.9), glottic or subglottic area. Vocal fold motil- 
ity may be impaired. Depending on the tumour size, 
the airway may be compromised. 

6.2.S.2 

Recent Developments and Future Aspects 

New technologies try to enhance the endoscopic 
information during endoscopy. 

Auto fluorescence Endoscopy. The aim of this devel- 
opment is to enhance the endoscopic information 
during microlaryngoscopy. Autofluorescence is 
induced by filtered blue light of a xenon short arc 
lamp and processed by a CCD camera system. During 
microlaryngoscopy, the use of autofluorescence can 
improve the early detection and preoperative assess- 
ment of laryngeal cancer and its precursor lesions 
(Malzahn et al. 2002). 

Videopharyngolaryngoscopy. The videoendoscopic 
technique has already become clinical standard 
for esophagogastroscopes. Now, technical progress 
has made video-rhinolaryngoscopes with a small 
diameter (about 3.9 mm) possible for transnasal 
insertion (Kawaida et al. 2002). The image transfer 
is not performed via the fibres, but with a chip camera 
at the tip of the endoscope. This technique provides 



better optical resolution and digital signal modula- 
tion. In the near future, the system will also allow 
videostroboscopy. 

Contact Endoscopy. Contact endoscopy tries to 
improve the assessment of benign, premalignant and 
malignant pathologies of the larynx during micro- 
laryngoscopy. The aim is to make epithelial cells vis- 
ible, as in gynaecology. After staining the tissue with 
methylene blue, the magnifications obtained with 
contact endoscopy (60x and 150x) enable observa- 
tion of the epithelium cells and their characteristics 
(Andrea et al. 1995). 

3D Endoscopy. For scientific purposes, 3D endoscopic 
techniques were used in microlaryngeal surgery 
using tubeless jet ventilation (Schragl et al. 1995). 
This technique has not yet become clinical routine. 



6.3 

Endoscopy of the Esophagus 

Endoscopy of the esophagus as part of the endoscopic 
evaluation of the upper gastrointestinal tract is one of 
the most frequent procedures performed in Western 
health care systems (Owings and Kozak 1998). The 
aim of esophagoscopy is diagnosis, differential diag- 
nosis and follow-up of esophageal diseases. Moreover, 
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endoscopy supports further diagnostic procedures, 
such as endosonography, and enables therapeutic 
interventions. Two forms of esophagoscopy are in use: 
rigid and flexible endoscopy. Gastroenterologists and 
surgeons are used to flexible gastroscopes to perform 
total esophagogastroduodenoscopy, whereas otorhi- 
nolaryngologists prefer rigid instruments. 

6 . 3.1 

Symptoms of Esophageal Diseases 

As the esophagus provides the bolus transport in 
the esophageal phase of swallowing, diseases of the 
esophagus bring about symptoms related to swal- 
lowing function. No single symptom is typical of a 
specific disorder. The localization of symptoms by 
the patient is unreliable. Patients who suffer from 
esophageal diseases (Table 6.1) may report the fol- 
lowing symptoms (see also Chap. 2): 

Dysphagia: in the case of esophageal stenosis (e.g. 
esophageal carcinoma) or functional motility 
disorders (e.g. achalasia of the lower esophageal 
sphincter), the bolus transport is disturbed and 
causes the feeling of a stop of the bolus passage 
especially for solid food. The symptom dyspha- 
gia needs the analysis of all the four phases of 
deglutition (oral preparatory, oral, pharyngeal 
and esophageal phase), since oropharyngeal and 
esophageal dysphagia may influence each other or 
occur in combination. 

Regurgitation: reflux of swallowed bolus material 
from the esophagus to the pharynx and mouth 
due to retrograde esophageal motility, stenosing 
esophageal diseases or retained material (e.g. in 
Zenker’s diverticulum). 

Odynophagia: painful swallow. 

Globus sensation (globus pharyngeus): globus 
sensation often derives from gastro-esophageal 
reflux disease. Other possible underlying causes 
that have to be considered for differential diag- 
nosis are diverticula, webs, rings, but also thyroid 
gland diseases, cervical spine syndrome or func- 
tional voice disorders. 

Heartburn , retrocardiac chest pain : these symp- 
toms occur in gastro-esophageal reflux disease, 
but also in esophageal carcinoma, esophageal 
spasms or esophagitis of other aetiologies. In 
approximately 40% of patients suffering from 
reflux disease, the typical symptom of heartburn 
is lacking. Exclusion of ischemic heart disease, 
pericarditis, aortic dilatation and pleuritis is 
mandatory. 



Table 6.1. Esophageal diseases (modified from Seiden in Par- 
parella et al. 1991) 

MOTILITY DISORDERS 
Primary disorders 
Achalasia 

Diffuse esophageal spasm 
Nutcracker esophagus 

Non-specific dysfunction (hypertensive lower esophageal 
sphincer, diminished amplitude of esophageal peristalsis) 
Secondary disorders 

Scleroderma and other connective tissue disorders 

Diabetes mellitus 

Alcoholism 

Central nervous system disorders 

Presbyesophagus 

Chagas 'disease 

STRUCTURAL DISORDERS 
Extrinsic compression 
Webs, rings 
Diverticula 

Stricture due to reflux esophagitis 
Ingestion of caustic substances 
Hiatal hernia 
Varices 

Foreign bodies 
Benign tumours 
Malign tumours 
Congenital disorders 
Atresias 

Tracheoesophageal fistulas 
Duplications 
Dysphagia lusoria 
Achalasia 



Cough of unknown aetiology: cough may be due to 
aspiration or occur in esophageal reflux disease. 
Gastrointestinal bleeding: bleeding from the mouth 
without source in the nose, mouth, pharynx or 
larynx or overt/occult blood in the stool neces- 
sitates urgent esophagogastroduodenoscopy. 

If one of these symptoms is present, endoscopy of 
the esophagus is indicated. 

Esophagoscopy is further appropriate in (sus- 
pected) foreign body ingestion or as part of gastro- 
duodenoscopy. 

6 . 3.2 

Rigid Esophagoscopy 

(Rigid Hypopharyngoesophagoscopy) 

Traditionally, rigid (open tube) esophagoscopy is the 
method of choice for otorhinolaryngologists to remove 
foreign bodies located in the pharyngoesophageal seg- 
ment or cervical esophagus and to perform tumour 
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staging (panendoscopy) in patients with primary 
malignancies in the head and neck to exclude/diagnose 
simultaneous additional malignancies (Dhooge et al. 
1996). The incidence of simultaneous esophageal malig- 
nancies is about 8.4% (Dammer et al. 1999). 

Usually rigid esophagoscopy is performed under 
general anaesthesia after informed consent. The 
patient is lying on his back, with the neck flexed and 
the head extended. The open tube esophagoscope 
(e.g. esophagoscope after Hasslinger) is inserted 
after protection of the teeth. Behind the arytenoids, 
the esophageal entrance is passed. The esophago- 
scope has to be advanced gently to avoid perforation. 
It is not possible to visualize the gastric mucosa safely 
with an open esophagoscope in all cases. If evaluation 
of the distal esophagus is needed, an esophagoscope 
with air insufflation can be used. 

Risks include tooth damage, luxation of the ary- 
tenoids, bleeding and perforation of the hypophar- 
ynx or esophagus with consecutive mediastinitis 
or peritonitis. The complication rate lies under 1% 
(Schmidt et al. 1998). 

6.3.3 

Flexible Esophagoscopy 

Esophagoscopy is performed for diagnosis of esopha- 
geal diseases, follow-up purposes, additional diagnostic 
procedures and for therapeutic measurements (hemo- 
stasis, dilatation, stenting, argon plasma coagulation, 
endoscopic mucosal resection). 




There are two types of endoscopes: the flexible fibre 
endoscope and the video endoscope. A channel in these 
endoscopes allows other instruments (forceps, brush, 
snare injection needle, dilatation balloon) to be passed 
through in order to take tissue samples, remove polyps, 
inject varices, dilate strictures or others. The length 
of the esophagogastroscope (Fig. 6.10) is about 100- 
120 cm, with a diameter of about 6-14 mm, depending 
on its purpose (ultra-thin stricture endoscope, thera- 
peutic instruments with extra-thick channels). It has 
become standard to record the examination on a video 
recorder or file images in an electronic processing 
system for documentation. In the last two decades, the 
development of flexible video endoscopes with a CCD 
camera (charge coupled device), positioned on the tip, 
have revolutionized the image quality; already near to 
1 million pixels are reached with chip technology. 

Flexible endoscopy of the esophagus is usually 
performed on an outpatient basis in local anaesthe- 
sia using a spray containing benzocaine or tetracaine 
hydrochloride. The patient, who is kept without oral 
intake for 6-8 h prior to endoscopy, is offered intrave- 
nous sedation (e.g. with midazolam or propofol). He 
is placed in the left lateral decubitus position. After 
a hollow mouth piece is introduced, the lubricated 
endoscope is inserted under visual control. In the 
case of pathological or unclear findings in hypophar- 
ynx or larynx, the patient has to be referred to the 
otorhinolaryngologist. The instrument is advanced 
until the tip of the endoscope reaches the gastro- 
esophageal junction (approximately 40 cm from 
the incisors). For examination of the stomach and 




Fig.6.10a-c. a Rigid esophagoscope. b, c Flexible gastroscope; control part (b), tip (c) 
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duodenum (flexible esophagoduodenoscopy), the 
tip is further advanced through the cardia, and the 
different portions of the stomach (cardia, fundus, 
corpus with greater and lesser curvature, antrum) 
are inspected. Afterwards, the tip is passed through 
the pylorus, into the duodenal bulb and the descend- 
ing part of the duodenum. 

The examination evaluates the lumen, wall, contents, 
peristalsis, appearance of the mucosal surface and 
visualizes/excludes flat, protruded or excavated lesions. 
If indicated, biopsies and brushing for histological, 
cytological and bacteriological examinations are per- 
formed. 

Large clinical series report an incidence of moder- 
ate or severe complications in 0.1%-0.2%, mortality 
lies between 1 in 100,000 and 1 in 5,000, depending 
on the severity and urgency of underlying diseases 
and the proportion of therapeutic procedures. The 
following complications may occur: perforation, 
bleeding, cardiopulmonary complications, aspira- 
tion, side-effects of premedication, infection. 



6 . 33.1 

Examples of Typical Findings 

Normal esophagus. The esophageal mucosa (non- 
keratinizing stratified squamous epithelium) appears 
pale, whereas the gastric mucosa is reddish (columnar 
epithelium). The transition between these two types 
of epithelium (esophagogastric junction) should be 
well visible. Because of its saw-toothed pattern, it is 
called z-line (Fig. 6.11). 




Reflux esophagitis. Among the numerous patients 
with reflux symptoms, endoscopy can define the 
subgroup of those with reflux esophagitis character- 
ized by reddening, erosions, ulceration or stricture at 
and above the z-line. A grading of reflux esophagitis 
can be given with the Savary and Miller (1977), the 
MUSE (metaplasia, ulcer, stricture, erosions) or the 
Los Angeles Classification. According to the grading 
by Savary and Miller (1977), four or five subgroups 
are described: 

Grade 1, singular erosions; grade 2, confluent ero- 
sions; grade 3, esophagus is covered by circular ero- 
sions; grade 4, complications with peptic stricture, 
with or without signs of inflammation, or ulceration; 
grade 5, Barrett’s esophagus. Figure 6.12 shows a 
minimal reflux esophagitis, Fig. 6.13 a severe reflux 
esophagitis with stricture. 

Barrett's Esophagus. Due to long-lasting peptic reflux, 
the squamocolumnar junction in the distal esopha- 
gus moves upwards and the squamous epithelium is 
replaced by a specialized columnar epithelium with 
intestinal metaplasia. Barrett’s metaplasia (Fig. 6.14) 
is a well-known risk factor for the development 
of dysplasia and adenocarcinoma (Fig. 6.15, early 
adenocarcinoma in Barrett’s esophagus). Endoscopi- 
cally, metaplastic gastric mucosa is recognized in the 
esophagus because of its salmon red appearance. 
Therefore, follow-up examinations with biopsies 
are necessary. For improving the diagnostic yield, 
chromoendoscopy, zoom endoscopy or fluorescence 
endoscopy can be added to the routine procedure. 




Fig. 6.11. Esophagogastric junction without pathology 



Fig. 6.12. Minimal reflux esophagitis 
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Esophageal carcinoma. Endoscopy shows early 
cancer (Fig. 6.16) or a polypoid or ulcerated mass or 
infiltration that can obstruct the esophageal lumen 
(Fig. 6.17). Multiple biopsies are taken for histologi- 
cal diagnosis. The incidence of adenocarcinomas 
derived from Barrett’s esophagus increases in the 
USA and Europe dramatically, whereas the alcohol 
and tobacco associated squamous cell carcinoma 
becomes less frequent. In the case of a symptomatic 



tumour stricture, a balloon dilatation can be per- 
formed (Fig. 6.18) and a metal stent positioned as a 
palliative measure (Fig. 6.19). 

Schatzki Ring. Endoscopy reveals a stricturing mem- 
brane in the distal esophagus. It may cause dysphagia, 
especially concerning solid food, and give rise to an 
impacted foreign body. For therapy, dilatation or 
thermal ablation during endoscopy is performed. 




Fig. 6.13. Severe reflux esophagitis with stricture [grade 4 
according to Savary and Miller (1977)] 




Fig. 6.15. Early adenocarcinoma in Barrett’s esophagus 




Fig. 6.14. Metaplasia due to chronic reflux (Barrett’s esopha- 
gus) 




Fig. 6.16. Early squamous cell carcinoma of the mid-esophagus 
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Fig. 6.17. Advanced ulcerated squamous cell carcinoma of the 
distal esophagus 




Fig. 6.19. Metal stent as palliative treatment of a malignant 
stricture 

Soor esophagitis. A white coverage or single white 
spots (Fig. 6.20) are seen on the esophageal wall that 
can be removed with a forceps, but not with rinsing. 
Brush cytology easily depicts Candida during micro- 
scopic examination. 

Esophageal web. Esophageal webs may be due to 
reflux disease, iron deficiency anaemia (Plummer 
Vinson syndrome) or idiopathic. They are either 
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Fig. 6.18. Balloon dilatation of an esophageal stricture 




Fig. 6.20. Soor esophagitis 



destroyed when passing the endoscope or removed 
with dilatation or bougienage. 

Achalasia. Achalasia is a neuromuscular disorder of the 
esophagus that is characterized by a delayed esophageal 
emptying due to inadequate esophageal peristalsis and 
a non-relaxing, hypertensive lower esophageal sphinc- 
ter. Diagnostic method of choice is videofluoroscopy 
and manometry, but endoscopy is necessary to rule out 
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other causes of dysphagia. It shows a dilated esophagus, 
weak non-propulsive esophageal peristalsis and reten- 
tion of secretion and food. Endoscopic ultrasound 
reveals a thickened hypertrophic muscle layer of the 
esophagogastric sphincter. Endoscopy can also be 
used for therapeutic purposes, as pneumatic dilatation 
or botulinum toxin injection. 

6.33.2 

Endoscopic Ultrasound 

The combined endoscopic and sonographic evalua- 
tion of the esophagus (endoscopic ultrasound, EUS) 
allows the identification of the different layers of the 
esophageal wall and contributes to the staging of 
esophageal tumours and locoregional nodal involve- 
ment (Tio 1998; Bergman and Fockens 1999; Rich- 
ards et al. 2000; Wakelin et al. 2002). EUS proved to 
have a better accuracy in staging, especially in T1 and 
T2 tumours, than computed tomography (Ziegler et 
al. 1988; Tio 1998). Recently, high frequency EUS has 
been performed in early esophageal cancer to select 
patients for local endoscopic treatment. 

EUS is a valuable tool to differentiate and further 
define submucosal tumours and extrinsic compression. 

6 . 3 . 4 . 

Rigid Versus Flexible Esophagoscopy 

Both methods are less competing than substituting 
each other (Hormann and Schmidt 1998): flexible 
equipment provides better imaging and allows air 
insufflation for distension, whereas rigid endoscopes 
facilitate instrumentation. Traditionally, otorhinolar- 
yngology focuses on rigid hypopharyngo-esophagos- 
copy for removing foreign bodies and for panendos- 
copy in patients with malignant tumours in the upper 
aerodigestive tract to reveal additional simultaneous 
malignancies. Gastroenterology uses the flexible endo- 
scope not only for the endoscopic evaluation of the 
esophagus, but also of the stomach and duodenum 
( esophagogastroduodenoscopy, EGD ) . 

Rigid esophagoscopy is superior to flexible 
endoscopy in the evaluation of the hypopharynx 
and cervical esophagus. The skill and experience 
of the examiner remains of utmost importance 
(Monnier and Lang 1997). Flexible esophagoscopy 
does not allow a distinct examination of the upper 
esophageal sphincter region. In case of suspected 
malignancy in this region, rigid endoscopy should 
be performed. As foreign bodies mostly occur in the 
proximal esophagus, rigid endoscopy is an adequate 



procedure for the management of (suspected) for- 
eign body ingestion (Alberty et al. 2001). Due to 
a higher perforation risk in the distal portion of 
the esophagus with rigid esophagoscopy, foreign 
bodies in that part are often removed by flexible 
endoscopy. 

6 . 3 . 5 . 

Recent Developments and Future Aspects 

The development of ultra-thin esophagogastroscopes 
with an outer diameter of 5-6 mm allows the trans- 
nasal insertion of the endoscope, which may give 
rise to a greater acceptability and less discomfort 
of the patient (transnasal esophagogastroscopy). 
Chromoendoscopy has become a valuable adjunct 
to flexible endoscopy in oncological indications. It 
remains uncertain if new technologies, like zoom 
endoscopy , optical coherence tomography or confocal 
laser endoscopy , will become established. For sure, 
molecular pathological analysis of specimens will 
be of great clinical importance in the future. 



6.4 

Role of Endoscopy in the Diagnostic 
Work-Up of Dysphagic Patients 

Differential diagnosis of dysphagia is based upon 
endoscopy and histopathological findings of biopsies, 
radiography, manometry and pH-metry. Radiology 
and endoscopy are both standard procedures which 
complement each other. Esophagoscopy is routinely 
performed to search for malignancy or to extract a for- 
eign body. It is a method of first choice and capable of 
performing the differential diagnosis between struc- 
tural or functional disorders. For motility disorders, 
videofluoroscopy, endoscopic ultrasound, manometry 
or pH-metry should be performed. 

The advantage of radiographic studies is the iden- 
tification of esophagotracheal fistulas, diverticula, 
atresia and hiatal/paraesophageal hernia. For radio- 
logical evaluation of dysphagia, the dynamic method 
of videofluoroscopy is regarded as the gold standard. 
However, subtle morphological changes are not vis- 
ible radiographically. 

The diagnostic indications for esophagoscopy are 
a matter of discussion: should endoscopy be per- 
formed primarily or not? Because of direct visualiza- 
tion, endoscopy is best for assessing mucosal integ- 
rity, inflammation and malignancies. Furthermore, it 
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enables biopsies to be taken for histological examina- 
tion. Therefore, endoscopic follow-up is indicated in 
many diseases, e.g. Barrett’s epithelium or achalasia. 

In recent years, gastrointestinal endoscopy has 
gradually supplanted gastrointestinal radiography 
as the initial diagnostic study for the majority of 
patients with suspected gastrointestinal pathology. 
Technical developments (advances in lighting, imag- 
ing and flexibility) have improved the sensitivity and 
specificity and have made it a widely spread examina- 
tion technique. 



6.5 

Conclusion 

Endoscopy of the hypopharynx and esophagus con- 
tributes to the diagnostic work-up of the dysphagic 
patient. In many cases, it is the method of choice. 
However, radiography, especially videofluoroscopy, 
remains indispensable. For the future, the technical 
progress will stimulate and enable new endoscopic 
and radiographic developments. It aims at the high- 
est possible quality of diagnosis and optimal patient 
acceptability. 
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7.1 

Introduction 

In most cases, imaging of the hypopharynx and 
esophagus is performed in patients with swallowing 
disorders (Czerny and Formanek 2000; Schmal- 
fuss 2002). The aetiology of swallowing disorders 
can be attributed to different entities, either congen- 
ital or acquired. In the pharynx, malignant tumours 
primarily cause swallowing disorders (Becker et al. 
1998; Czerny and Formanek 2000). In the esopha- 
gus, swallowing disorders are often due to tumours, 
inflammatory strictures in gastro-esophageal reflux 
disease, or achalasia, and also may be due to either 
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benign or malignant tumours. In most cases, the first 
choice for imaging evaluation is a double-contrast 
pharyngoesophagogram, which depicts nicely the 
morphology and extent of mucosal lesions. How- 
ever, radiography (and endoscopy) are not suited 
to delineate the extramucosal tumour spread (into 
lymph nodes and adjacent organs) or abnormalities 
of the mediastinum in non-neoplastic diseases, such 
as Boerhaave syndrome or fistulas. In these patients, 
contrast-enhanced CT or MRI play an important 
diagnostic role in therapeutic management (Helm- 
berger et al. 1996). Positron emission tomography 
(PET) may also be used if a malignant process is to 
be staged pre-therapeutically (Flamen et al. 2000; 
Junginger et al. 2002). The imaging techniques and 
pathologies of the hypopharynx and the esophagus 
differ, and therefore, these techniques and patholo- 
gies will be described separately. 



7.2 

CT and MR Imaging Techniques 
of the Hypopharynx 

7 . 2.1 

CT 

CT examination of the hypopharynx is performed 
in the axial plane in the helical CT mode (Kosling 
et al. 2000). All examinations should be performed 
using an intravenous injection of contrast material 
(Czerny and Formanek 2000). The amount of 
contrast material should be about 90-100 ml with a 
flow rate of 1.5-2 ml/s and a scan delay of 50 s. In a 
second scan to evaluate the piriform sinus, a Valsalva 
manoeuvre can be performed for better distension 
of the sinus. 

The slice thickness, either on single-detector helical 
CT, should be about 3 mm and, on multidetector heli- 
cal CT,the reconstructed slice thickness should also be 
about 3 mm. The window level setting should be a soft 
tissue window setting and a bone window setting. 
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7.2.2 

MRI 

MRI of the hypopharynx is usually performed with 
a dedicated head-neck coil. Usually, an axial T2- 
weighted fast spin echo sequence with fat suppression 
or an inversion recovery (STIR) sequence can be used, 
followed by T1 -weighted spin echo sequences in the 
axial plane before and after the IV application of con- 
trast material (Schmalfuss 2002). Finally, a coronal 
T1 -weighted sequence after the application of contrast 
material with fat suppression may be performed. The 
section thickness should not exceed 3-4 mm. 



7.3 

Pathologies of the Hypopharynx 

7.3.1 

Malignant Processes of the Hypopharynx 

The predominant pathology of the hypopharynx is 
squamous cell carcinoma (Becker et al. 1998; Pamei- 
jer et al. 1998; Wenig et al. 1995). In most cases, these 
tumours are more or less asymptomatic in the earlier 
stages. Therefore, in most cases, these tumours are 
detected in the advanced stages (Table 7.1). Often 
there is an extension into the surrounding tissues, 
for instance, into the tongue base or the larynx or 
there is infiltration of the upper esophageal sphincter 




and the upper esophagus (Czerny and Formanek 
2000). The squamous cell carcinomas show moderate 
to marked enhancement on contrast-enhanced CT 
images and also on T1 -weighted spin echo images 
after contrast material application (Fig. 7.1). In most 
cases, these tumours show a mass effect. 

In cases of piriform sinus tumours, a Valsalva 
manoeuvre may be helpful to obtain important 
diagnostic information for the therapeutic proce- 
dure because, particularly in this kind of tumour, 
the actual extension may not be quite clear from the 
“nonfunctional images”, in many cases. Other malig- 
nant tumours, such as lymphomas, are somewhat 
rare and their cross-sectional imaging appearance 
is not quite characteristic. In the case of lymph node 
involvement, the lymph nodes of the lateral neck may 
be affected. The predominant group is lymph node 
section three, which is the middle jugular group. 

Table 7.1. TNM staging of malignant tumours of the hypo- 
pharynx according to the American Joint Committee on 
Cancer Staging (AJCC) 

Stage Characteristic 

TX No primary tumour detectable 
TO No hint of primary tumour 
Tis Carcinoma in situ 
T1 Tumour in one subregion 
T2 Tumour infiltrating more than one subregion 

T3 Tumour infiltrating more than one subregion 

with fixation of hemilarynx 
T4 Tumour infiltrating surrounding structures 




Fig. 7.1a, b. Hypopharyngeal carcinoma, a Axial contrast-enhanced CT image shows enhancing tumour formation in the left 
and right hypopharynx with extension over the borders of the hypopharynx. Also note lymph node metastases on both sides 
of the neck, b Coronal multiplanar reconstruction shows the large hypopharyngeal carcinoma and the massive lymph node 
metastasis on both sides of the neck 





Cross-Sectional Imaging of the Hypopharynx and Esophagus 

7 . 3.2 

Benign Processes of the Hypopharynx 

The hypopharynx may be affected by inflamma- 
tory processes, such as abscesses (Vogl et al. 2000). 
Hypopharyngeal abscesses differ from retropharyn- 
geal abscesses in that these abscesses are more inferi- 
orly and laterally located. Clinical symptoms include 
swallowing disorders, which are usually much more 
intense than those in retropharyngeal abscesses. In 
cross-sectional imaging, either on contrast enhanced 
CT or contrast-enhanced MRI, a cystic structure with 




Fig. 7.2a, b. MRI of a recurrent hypopharyngeal carcinoma, 
a Axial contrast-enhanced T1 -weighted spin echo image in 
high resolution shows tumour formation that enhances in 
the hypopharyngeal region, b Coronal contrast-enhanced Tl- 
weighted spin-echo image in high resolution technique shows 
enhancing tumorous mass 
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a thick, irregular enhancing wall may be delineated 
and is indicative of a hypopharyngeal abscess. 

A very common benign process of the hypopharynx 
is Zenker’s diverticulum (Youssefzadeh et al. 2000). 
These diverticula occur superiorly to the cricopharyn- 
geus muscle. The clinical signs are swallowing disor- 
ders and a feeling of a lump in the throat. The primary 
examination to detect Zenker’s diverticulum is a con- 
ventional barium radiography or videofluoroscopy. 
On contrast-enhanced CT, the diverticula may appear 
as a mass with a more or less hypodense content, 
sometimes mixed with air bubbles. For differentiation 
from an abscess, repetition of the scan after adminis- 
tration of an oral contrast agent maybe helpful. 

7 . 3.3 

Post-therapeutic Changes 

In most cases, post-therapeutic cross-sectional imag- 
ing is performed to document the therapeutic process. 
The post-surgical cross-sectional imaging findings 
may vary from local laser or conventional tumour 
resection to complete laryngopharyngectomy and 
replacement by muscle or a small bowel reconstruc- 
tion. In cases of radiotherapy, radiation-induced 
changes to the fatty tissue may be seen as mildly more 
dense linear structures within the fatty tissue. If the 
malignant tumour has completely disappeared after 
radiotherapy, stranding of the soft tissues may be the 
only persistent finding on CT scans. Residual tumour 
or recurrence may be delineated by a moderately to 
markedly enhancing mass with interval change during 
follow-up (Fig. 7.2). 



7.4 

CT and MR Imaging Techniques 
for the Esophagus 

7 . 4.1 

CT 

CT of the esophagus is usually performed in con- 
junction with a CT of the chest, with the patient 
placed supine on the CT table (Okuda et al. 2002; 
Steinkamp et al. 1993). Before performing the CT 
examination, the esophagus should be delineated by 
oral contrast material and the application should be 
performed immediately before scanning. Typically, 
a dedicated low-density barium suspension for CT 
is used. However, if there is danger of aspiration, 
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a solution of an iodinated, water-soluble contrast 
agent should be used. With conventional helical 
CT, 80-100 ml of non-ionic contrast material with a 
flow of 2 ml/s and a scan delay of 30-40 s should be 
applied. Section thickness should be 3-5 mm, and a 
reconstructed section thickness for multi-detector 
helical CT, if used, should be about a 3 -mm thick- 
ness. The advantage of multi-detector helical CT over 
single-detector helical CT is the capability of accurate 
3D multiplanar reconstruction because of the avail- 
ability of submillimeter detector configuration with 
isotropic voxels. 

7 . 4.2 

MRI 

Usually MRI is performed with a dedicated body 
coil (Okuda et al. 2002; Steinkamp et al. 1993). 
After a localizer scan, a T2-weighted fast-spine echo 
sequence with fat suppression or an inversion recov- 
ery sequence with a fast spin echo technique may be 
performed in the coronal or axial plane, depending 
on the extension and localization of the process. 
Then, a T1 -weighted spin echo sequence before and 
after intravenous application of gadolinium chelates 
is performed either in the axial or coronal plane, and 
a T1 -weighted spin echo sequence after the applica- 
tion of intravenous contrast material with fat sup- 
pression either in the axial or coronal plane. 



7.5 

Abnormalities of the Esophagus 

7 . 5.1 

Carcinoma of the Esophagus 

The most common malignant tumour of the esophagus 
is squamous cell carcinoma, followed by adenocarci- 
noma, while other types of carcinomas are rare (Lerut 
et al. 2001; Maier et al. 2000; Meyenberger and 
Fantin 2000; Tsuchiya et al. 1999). The predominant 
age for the appearance of squamous cell carcinoma is 
about the sixth decade and men are more commonly 
affected by this entity than women. Adenocarcino- 
mas are most common in the distal esophagus, often 
presenting as a complication of long-standing gastro- 
esophageal reflux disease. Yet, adenocarcinomas can 
occur in any part of the esophagus. In many cases, 
squamous cell carcinomas of the hypopharynx extend 
to the upper esophagus. An important complication to 



note is the infiltration of surrounding structures and 
the detection of lymph node metastasis, which are most 
commonly paraesophageal, mediastinal, and cervical. 
Mediastinal lymph nodes larger than 10 mm in short 
axis and with inhomogeneous or rim-like contrast 
enhancement may be highly suspicious for metastatic 
lymph nodes. Retrocrural lymph nodes should not 
exceed 6 mm in diameter. TNM staging of esophageal 
carcinoma is summarized in Table 7.2. 

Carcinomas of the esophagus may be demon- 
strated as either a (sometimes bulgy) thickening of 
the wall, which typically extends a short distance, 
while inflammatory processes are, in some cases, less 
thickened and extend a greater distance (Fig. 7.3). 
The carcinoma may show an uptake of contrast 
material, which may be useful to differentiate the 
tumour from the surrounding tissue (Fig. 7.4). The 
surrounding periesophageal fatty tissue may deline- 
ate the tumour wall from other surrounding tissues. 
There are no established CT criteria to differenti- 
ate between tumours limited to the mucosa and 
tumours with extension into the muscularis propria. 
The infiltration of the surrounding tissues (T3) may 
be suspected if there is obliteration of the fat planes 
around the tumour. However, this CT sign is not sen- 
sitive, because fat planes may be lacking in certain 
anatomic regions, such as the interface between the 
esophagus and aorta. A T4 stage with invasion into 
adjacent organs is suspected if there is a compres- 
sion of the airways or a mass within the lumen of the 
airways, or by the delineation of a fistula, which may 
be detected by small air bubbles in the mediastinum 
(Fig. 7.5). Esophageal cancer in the middle or lower 
third of the esophagus may invade into the descend- 
ing aorta. The CT diagnosis of aortic invasion by 
cancer is based on the aortic circumference showing 
tumour contact. Tumour contact with >90° aortic 
circumference is highly suggestive of aortic invasion, 
whereas <45° vessel-tumour contact renders aortic 
invasion unlikely (Picus et al. 1983). CT diagnosis is 
indeterminate between 45° and 90°. 

Table 7.2. Tumour staging of esophageal carcinoma 
TNM Staging 

T1 Tumour <5 cm in longitudinal extension, no circular 
wall infiltration 

T2 Tumour >5 cm in longitudinal extension, circular or 
obstructing tumour 

T3 Infiltration of the surrounding fatty tissue 

T4 Infiltration of surrounding structures 

N1 Regional lymph nodes 

(cervical, mediastinal, perigastric) 

Ml Distant metastases 
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Fig. 7.3. Esophageal cancer, pT2 stage. Contrast-enhanced 
axial CT shows focal thickening of the distal third of the 
posterior esophageal wall. The fat planes surrounding the 
esophagus are intact. This finding is predictive of a T2 stage 
tumour, which was confirmed at surgery 
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Fig. 7.4. Esophageal cancer, pT3 stage. Contrast-enhanced 
axial CT shows a markedly circumferential thickening of the 
esophageal wall with apparent obliteration of surrounding fat 
planes without infiltration of the adjacent structures, sugges- 
tive of a T3 stage tumour, which was confirmed at surgery 




Fig. 7.5. Esophageal cancer, pT4 stage. Contrast-enhanced 
multidetector CT. Sagittal view shows a very large tumour of 
the third distal esophagus that extends beyond the esophageal 
wall and indents the gastroesophageal junction. This finding is 
indicative of gastric invasion. CT demonstrates lymph aden- 
opathy in the perigastric region. This finding is predictive of a 
T4N1 stage tumour, which was confirmed at surgery 

Other malignant tumours that may involve the 
esophagus are primary malignant melanomas, lym- 
phomas, or malignant gastrointestinal stromal tumours 
(formerly known as leiomyosarcomas) (Ruppert- 
Kohlmayr et al. 1999). CT features of these tumours 
are not typical enough to differentiate them from 
carcinoma. Mediastinal or lung tumours and hema- 



togenous metastases may affect the esophagus. Tumour 
involvement may be seen by displacement of the 
esophagus with mild contour irregularities at barium 
esophagrams. Contrast-enhanced CT reveals tumour 
origin and the full extent of tumour involvement of the 
mediastinum leading to esophageal invasion (Fig. 7.6). 

7.5.2 

Benign Tumours 

Benign tumours of the esophagus are rare and appear 
in most cases as leiomyomas or fibrovascular tumours 
(Yang et al. 2001) (Fig. 7.7). Most benign esophageal 
tumours - provided they do not reach a certain size - 
are asymptomatic and thus, these tumours are mostly 
detected incidentally (Fig. 7.8). Occasionally, benign 
tumours may cause dysphagia or bleeding. 

Leiomyomas (benign gastrointestinal stromal 
tumour) are by far the most common benign tumour 
in the esophagus. Radiographically they appear as a 
smooth submucosal mass. Accordingly, the CT fea- 
tures of leiomyoma are a homogenous submucosal/ 
intramural mass with a smooth contour (Fig. 7.7). 
Occasionally, giant leiomyomas may appear as a large 
circumferential esophageal mass (Fig. 7.8). CT differ- 
entiation of submucosal leiomyoma from mucosal 
tumours is difficult, because mucosal integrity is 
much better assessed by radiography or endoscopy. 

Fibrovascular polyps are rare, benign intralumi- 
nal masses, which may grow to enormous sizes in the 
esophagus. They contain predominantly fibrovascu- 
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a 





Fig. 7.6a, b. Lung cancer infiltrating the mediastinum and the esophagus, a Barium 
esophagram shows excessive deviation of the upper esophagus to the left due to 
a mediastinal mass. There is narrowing of the esophagus, but only mild contour 
irregularities typical of an extrinsic compression of the esophagus, b Chest CT 
demonstrates an apical lung cancer (Pancoast tumour) with infiltration into the 
mediastinum and esophagus 




Fig. 7.7a, b. Leiomyoma, a Double contrast esophagram shows typical submucosal appearance of leiomyoma (arrows), b Con- 
trast-enhanced CT after administration of oral contrast agent demonstrates a smooth submucosal mass. CT findings are sug- 
gestive of leiomyoma 



lar and adipose tissue, which gives them their typi- 
cal CT appearance of a pedunculated intraluminal 
mass of fat density, which expands the esophagus 
(Ascenti et al. 1999; Weiland et al. 2001). If fat 
tissue is predominant, MRI with T1 -weighted pulse 



sequences with and without fat saturation may show 
the typical signal intensity decrease. 

The esophagus is the least likely region of the 
gastrointestinal tract to be affected by hemangiomas 
or lipomas. At radiography, hemangiomas appear as 
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Fig. 7.8a-c. Giant leiomyoma incidental finding on chest 
film (not shown) in a young patient, a Barium esophagram 
reveals an annular lesion with narrowing and deformity of the 
esophagus with a smooth contour, suggestive of a submucosal 
or intramural origin. Widening of the esophagus within the 
mass would be unusual for an extrinsic mass that compresses 
the esophagus. Arrows indicate the size of the mediastinal mass as seen on the chest film, b CT reveals a large mass in the 
posterior mediastinum, growing circumferentially with widening of the esophagus. Findings are suggestive of an intramural 
mass, c Axial T2-weighted TSE MR image reveals a hypointense intramural mass of the esophagus 



smooth or lobulated submucosal masses and are dif- 
ficult to differentiate from other tumour. Cross-sec- 
tional imaging may be helpful: CT may demonstrate 
phleboliths in large hemangiomas and MRI features 
of very high signal intensity on T2-weighted images 
are suggestive of hemangioma. 

However, the differentiation between benign 
tumours, such as leiomyomas, adenomas, or fibro- 
vascular tumours (Ascenti et al. 1999; Weiland et 
al. 2001) from malignant tumours (e.g., lymphoma) 
is difficult with either CT or MRI and, in most cases, 
the appearance at cross-sectional imaging is not 
characteristic. 



7.5.3 

Fistulas of the Esophagus 

Esophageal fistulas can be classified according to 
their anatomic relationship into esophageal-airway, 



esophago-pleural, aorto-esophageal and esophago- 
pericardial fistulas (Levine 2000). Esophageal- 
airway fistulas can be either congenital (so-called 
tracheo-esophageal fistulas) or acquired. Most 
esophageal-airway fistulas are a complication of 
tracheo-bronchial invasion by esophageal cancer. 
The likelihood of fistula formation is increased 
after radiation therapy of cancer. Other less 
common causes of fistula formation are trauma, 
foreign bodies or infection. CT is indicated to pre- 
cisely localize the fistula and complications, such 
as abscesses in the mediastinum. Aorto-esopha- 
geal or esophago-pericardial fistulas are very rare, 
but have a very high mortality. Aorto-esophageal 
fistulas are either caused by intraesophageal rup- 
ture of an aortic aneurysm or by aortic injury 
of an esophageal foreign body (Lam et al. 2003). 
Patients may present with massive hematemesis 
and contrast-enhanced CT is the method of choice 
to show aortic rupture, although the fistula itself 
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may escape detection at CT. Esophago-pericardial 
fistulas are caused by cancer, foreign bodies, and 
ulceration of the esophagus in severe esophagitis 
(Cyrlak et al. 1983). Contrast studies and CT may 
show the combination of contrast extravasation and 
pneumopericardium, which is highly suggestive of 
esophago-pericardial fistula (Fig. 7.9). 

7.5.4 

Perforation of the Esophagus 

Perforation of the esophagus is a life-threatening event 
that mandates a rapid diagnosis. In most cases, the 
cause of perforation includes foreign bodies, endos- 
copy or trauma. Tumours and strictures may also 
cause perforations. 

A special form of perforation of the esophagus is the 
so-called Boerhaave syndrome (Fig. 7. 10). This rupture 
of the esophagus is caused by abnormal intraluminal 
pressure, caused by forceful vomiting. The rupture 
is usually located just cranial to the esophagogastric 
junction. Contrast studies are the method of choice to 
demonstrate esophageal rupture. However, contrast- 
enhanced CT should be performed in all patients in 
whom perforation is suspected. In patients with nega- 
tive esophagrams, CT may demonstrate subtle signs of 
mediastinal emphysema, which is highly suspicious 
for perforations in this clinical situation. In patients 



with rupture shown by contrast studies, CT may show 
the amount of mediastinal or pleural fluid retentions 
(White et al. 1993). 



7.5.5 

Dysphagia Lusoria 

A congenital anomaly, an aberrant right subclavian 
artery arising as the fourth arterial branch from the 
proximal descending aorta has been termed arteria 
lusoria. It courses posteriorly to the esophagus and 
causes a posterior indentation of the esophagus 
readily seen on barium esophagrams. In most indi- 
viduals, an arteria lusoria remains asymptomatic, but 
dysphagia may be caused in a few (so-called dyspha- 
gia lusoria). On CT angiography an abnormal course 
of the vessels or an abnormality of the aortic arch 
may be well delineated (Fig. 7.11). Another imaging 
method to delineate these abnormalities is contrast- 
enhanced MR angiography. 

7.5.6 

Other Benign Entities 

Other various benign entities of the esophagus may 
be diverticula , varices , hiatal hernia , and strictures or 
stenoses. Diagnosis of these lesions may be inciden- 




Fig. 7.9a, b. Esophago-pericardial fistula in a patient with esophageal ulceration, a Esophagram with water-soluble contrast 
shows a small fistula with linear extravasation of contrast (arrow), b Chest CT (obtained before esophagram) shows thicken- 
ing of the esophagus (black arrow) and pneumopericardium (white arrows). However, the fistula is not depicted. Penetrating 
esophageal ulcer with esophago-pericardial fistula was confirmed at autopsy 
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Fig. 7.10a-c. Boerhaave syndrome in a patient with hypereme- 
sis. a Esophagram with water-soluble contrast agent shows 
large rupture ( arrows ) of the lower esophagus with contrast 
extravasation into the mediastinum, b Contrast-enhanced CT 
(soft tissue window setting) demonstrates widening of the 
posterior mediastinum and air around the esophagus and the 
aorta, c CT with lung window settings reveals pneumomedias- 
tinum around the esophagus to a much greater extent 



tally made in patients referred for chest/abdomen CT 
for other reasons. CT diagnosis of a benign entity 
should be reliably made to rule out the presence of 
a tumorous lesion. Especially in case of stenosis CT 
may be indicated to rule out the presence of tumour, 
when the results of endoscopic biopsy are equivocal 
and endosonography is not available. 

On contrast-enhanced CT examination, a diver- 
ticulum of the esophagus is demonstrated as an 
outpouching that contains air bubbles and/or 
orally administered contrast material. The two pre- 
dominant locations of esophageal diverticula are the 
mid-esophagus (at the level of the tracheal bifurca- 
tion) and the distal esophagus (so-called epiphrenic 
diverticula). 

Varices of the esophagus are mainly caused by 
portal hypertension. In this case gastric varices com- 
municate with the esophageal and periesophageal 
veins, which are drained via the azygos/hemiazygos 
venous system to the superior vena cava. Contrast- 
enhanced CT maybe superior to barium radiography 
in the depiction of varices, as it may delineate peri- 
esophageal varices. On contrast-enhanced CT, varices 
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appear as enhancing tortuous or tubular structures 
along the wall of the esophagus (Fig. 7.12). This can 
result in thickening of the wall and/or narrowing of 
the lumen of the esophagus. 

Hiatal hernias are also primarily detected on 
thorax or abdominal CTs and are often detected inci- 
dentally (Polat et al. 2002). In most cases, hiatal her- 
nias present as a mass structure superior to the dia- 
phragm and retro cardially positioned, and contain 
air and soft tissue (Fig. 7.13). These hernias can by 
classified as either axial or paraesophageal hernias. 

Inflammatory strictures or circumscribed stenoses 
may be a complication of esophagitis (e.g. reflux 
esophagitis), radiation therapy, trauma, surgery, or 
after lye ingestion. At CT, such strictures may present 
as a narrowing of the esophageal lumen, sometimes 
in conjunction with mild circumferential wall thick- 
ening of the esophagus. CT shows dilatation of the 
proximal esophagus with stasis of secretions or orally 
administered contrast material and distal tapering of 
the esophagus. CT can provide important information 
about the delineation or exclusion of an extraluminal 
mass as the underlying cause of stenosis. 






a 




Fig. 7.11a-c. Arteria lusoria and achalasia in a patient suffer- 
ing from dysphagia for 2 years, a Barium esophagram reveals 
a dilated esophagus in achalasia. However, esophageal dilata- 
tion is present cranially and caudally of posterior impression 
(arrow), b Multi-detector CT shows an aberrant right sub- 
clavian artery coursing posterior to the esophagus, typical 
for arteria lusoria. Esophagus is air-filled and dilated due to 
achalasia (arrow), c Coronal 3D reformation reveals arterial 
anatomy of arteria lusoria. There is dilatation of the esopha- 
gus, which is fluid-filled in the lower two-thirds (arrow). Late- 
onset dysphagia in this 60-year-old patient is most likely due 
to achalasia and not due to congenital arteria lusoria 






Fig. 7.12a, b. Tumour- simulating esophageal varices in a patient with portal vein thrombosis, a Contrast-enhanced CT in the 
arterial-dominant phase shows a large low-density mass in the posterior mediastinum, b CT in the portal-venous phase shows 
intense contrast enhancement of large periesophageal varices 
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Fig. 7.13. Axial hiatal hernia. Contrast-enhanced multidetec- 
tor CT. Coronal view shows marked fold thickening of the 
esophagogastric junction and an intrathoracic hernia. Note 
the smooth mucosal enhancement and clear fat planes around 
the esophagus 
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8.1 

Introduction 

Feeding one’s child and watching him grow and 
thrive is one of the chief joys of parenting, so any- 
thing that interferes with this is apt to prompt a quick 
demand for medical attention. Symptoms such as 
vomiting, choking, irritability and food refusal are 
all very distressing to both parent and child. How- 
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ever, because the gastrointestinal (GI) tract in a child, 
particularly a young infant, is relatively short and 
compact, abnormalities at the level of the pharynx, 
esophagus, stomach, small bowel, or even colon can 
result in puzzlingly similar clinical manifestations. 
Determining a cause for the symptoms often falls to 
the radiologist, who has the unique opportunity to 
observe the GI tract in action. 



8.2 

Imaging Methodology and Techniques: 
Showing Anatomy and Function 
for Diagnostic Efficacy 

The range of procedures available to image the 
pediatric esophagus is the same as that available for 
adults, but the choice is influenced by the odds of 
finding certain types of pathologies. Moreover, the 
application of these procedures differs from that in 
adults because of the unique challenge of obtaining a 
diagnostic examination in the pediatric patient. 

8.2.1 

Fluoroscopy 

Fluoroscopy is the mainstay of esophageal exami- 
nation, as it not only displays anatomy but, just as 
importantly, function. The area examined may be 
confined to the esophagus, but usually the esopha- 
gus is seen in the context of the entire upper GI tract, 
from mouth to ligament of Treitz. This examination 
is usually done with the child supine or in lateral 
position on the fluoroscopy table. Swallows in true 
lateral position are extremely important to look for 
contrast in the trachea and deformity or narrowing of 
the esophagus from the posterior or anterior aspect. 
True AP projections look for esophageal displace- 
ment or narrowing from the sides. Videotaping of 
the fluoroscopy is extremely helpful, as abnormali- 
ties may be fleeting. 
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Volitional swallow and good distension of the 
esophagus are of paramount importance. These 
can only be achieved with a comfortable, coopera- 
tive patient. Infants and older children are easier to 
manage, while toddlers and young children are more 
apt to be frightened and less persuadable. Have the 
room as warm and as light as possible, and allow 
the child to keep his clothing on; remove only large 
metallic fastenings and add a protective gown. Put 
a pad or blanket on the fluoroscopy table. Allow the 
child to hold a favorite blanket or stuffed animal. 
Introduce the fluoroscopy image intensifier as a big 
“tent” or “house”. Show the child how it will get very 
close to him but will not touch him. A video machine 
playing a children’s movie or cartoon is an excellent 
distraction. 

The choice of contrast can improve the chances 
of getting a good exam. Standard oral barium sul- 
fate preparations have the consistency of milk and 
some sweetening with sorbitol or the like, and a very 
hungry infant is usually very cooperative and needs 
no additional persuasion. It is helpful to use the type 
of nipple that the infant is familiar with, and also to 
enlarge the endhole slightly. With an older toddler, 
hiding the contrast in a familiar cup with a straw can 
be successful. Barium can be flavored with different 
fruit drink powders or with chocolate syrup; give the 
child his choice. Water-soluble iodinated contrast has 
a bitter taste that is more difficult to disguise, and in 
the concentrations often necessary for it to be seen 
on fluoroscopy it is not as benign as barium if it is 
aspirated. In post-surgical examinations when there 
is risk of perforation of the esophagus, however, its 
use may be mandated. 

There are times when the child refuses to cooper- 
ate. It is helpful at this point to “triage” the clinical 
questions: what is the most important question to 
be answered? The next most important? You must 
do this, because structuring the exam to answer 
one question may take away your chance to answer 
another. If the examination cannot be rescheduled for 
another day when the child might be more hungry or 
better rested, then the contrast must be administered 
manually. Assistance from parents and/or technolo- 
gists is necessary. Wrapping the child’s legs in a sheet 
can often help persuade him that resistance is futile. 
A small syringe (5cc for a toddler, lOcc for an older 
child) is used to put aliquots of contrast as far back in 
the child’s mouth as possible. At least a small amount 
is generally swallowed, allowing appreciation of 
pharyngeal function and esophageal motility. If this 
fails, then a small feeding tube is passed through the 
child’s nose and into the distal esophagus. With the 



child in lateral position, the radiologist pulls the tube 
back slowly, hand-injecting at intervals sufficient 
volume to distend the esophagus, until the entire 
esophagus is imaged. This gives a poor assessment of 
esophageal motility, however, and there is danger of 
aspiration. In addition, a “normal” study performed 
only with a tube will miss the pathology associated 
with swallowing that can be found in up to half the 
patients referred for examination (Vazquez and 
Buonomo 1999). 

Assessing gastroesophageal reflux fluoroscopically 
takes patience. It is best to do this at the end of the 
examination. The child’s stomach should be full and 
he should be relaxed and distracted. If the preced- 
ing part of the study has been unpleasant, the infant 
might be allowed to feed in the parent’s arms until 
full, then replaced beneath the fluoroscope. Darken- 
ing the room and minimizing noise might encourage 
the child to fall asleep in a supine position. Video- 
tapes provide solace and distraction for the toddler. 
Position the fluoroscope to show the esophagus, then 
image only for about 1 second out of every 7-10, for a 
total of 5 minutes (less than 1 minute of fluoro time). 
Significant reflux, i.e. reaching the clavicles, cervical 
esophagus or pharynx, will persist long enough to be 
recorded. Crying reinforces the diaphragmatic hiatus 
and minimizes reflux, so assessment in an inconsol- 
able child may have to be abandoned. 

The modified barium swallow is conducted very 
differently. Here, the child’s usual feeding position is 
duplicated in a chair or seat, and graded food textures 
are offered, opacified with contrast. A trained feeding 
therapist should be in attendance who chooses the 
textures to be tested, and a familiar person should do 
the feeding. Because of the confines of the imaging 
chair and the fluoro image intensifier, imaging is usu- 
ally done from the lateral projection only. The study 
is recorded on videotape alone. Because the child is 
less restrained, the radiologist must work to keep the 
pharynx centered in the screen. 

8.2.2 

Radiation Dose Reduction 

Throughout any fluoroscopic exam, the radiologist 
must be constantly mindful of the accumulating radia- 
tion dose. Grids should not be used for children less 
than adult size. The thyroid has to be part of the field of 
view, but gonads, pelvic bone marrow, and the ocular 
lenses should be rigorously excluded by coning and 
shielding. Intermittent review of the videotape may 
find that pathology has been imaged that escaped 
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direct visualization, and that additional imaging is 
unnecessary. Pulsed fluoroscopy can dramatically 
reduce patient dose with relatively minor image deg- 
radation (Hernandez and Goodsitt 1996). Digital 
fluoroscopy units have the added advantage of “last 
image hold,” whereby the image present on the screen 
when the examiner stops fluoroscoping remains there 
and can be captured as a permanent digital image. 
Since the examiner can react more quickly to seeing a 
pathological event than the spot film device can record 
it, there is a better chance that it will be caught. This 
also avoids the dose from spot-film technique. 

8.2.3 

Advanced Imaging Techniques 

Nuclear medicine offers a low-dose way to monitor 
an entire feeding and post-prandial period to look for 
aspiration and reflux. Technetium 99m is the isotope 
of choice to label a meal. The limitation is not on 
imaging time, but rather on patient movement during 
scanning: misregistration introduces uninterpretable 
artifact, so sedation is sometimes necessary (del 
Rosario and Orenstein 1998). 

CT and MRI are sometimes necessary for imag- 
ing extra-esophageal structures. CT interpretation is 
made difficult by the lack of mediastinal fat planes 
and IV contrast is usually necessary. Scanning is 
quick in the newer, multi-detector machines and 
sedation is rarely, if ever, needed. Care must be 
taken to adapt the scan parameters to the weight of 
the child and keep the radiation dose as low as pos- 
sible. MRI excels in imaging the mediastinum and its 
vascular structures, where cardiac and respiratory 
gating ensure interpretable images without contrast. 
However, the long imaging time means that sedation 
is usually indicated. 

The application of ultrasound is limited because 
of the location of the esophagus deep to the air-filled 
lungs. Gastroesophageal reflux can be imaged from 
the epigastric region using color-Doppler ultrasound 
(Jang et al. 2001). The practicality and efficacy 
remain to be determined, however. 



8.3 

Congenital Esophageal Abnormalities: 
Their Basis in Embryology 

Pathology of the pediatric esophagus can be loosely 
classed as either anatomic or functional, with congeni- 



tal and acquired lesions in each category. Congenital 
anatomic abnormalities originate in defective mor- 
phogenesis early in embryonic life (Berrocal et al. 
1999; Moore 1989). Lateral tracheoesophageal folds 
form in the embryonic foregut during the fourth week 
of development. These fuse and allow the esophagus 
and trachea to lengthen independently. The trachea 
remains united with the developing pharynx cranial to 
the folds, through the laryngeal aditus. The esophagus 
is initially very short, but reaches its final length as 
the embryo grows. The epithelium of the esophagus 
proliferates and almost obliterates the lumen; recana- 
lization occurs during the eighth week of development. 
Defects in the progression of fold fusion, recanaliza- 
tion or lengthening result in congenital anatomic 
abnormalities that the radiologist is usually called 
upon to characterize. 

8.3.1 

Esophageal Atresia and Tracheoesophageal Fistula 

Incomplete differentiation of the presumptive trachea 
from the esophagus in the fourth week of embryonic 
development results in a spectrum of abnormalities 
that come to clinical attention immediately, when 
the infant cannot swallow oral secretions and a tube 
cannot be passed to the stomach. The largest group 
(82%) (Buonomo et al. 1998) has esophageal atresia 
(EA) with a distal tracheoesophageal fistula (TEF). 
This is visible on plain film, with an air-filled sac 
projecting in the neck, perhaps with a coiled tube, 
and air in the stomach and gut. Contrast studies are 
not necessary and will cause aspiration. If imaging 
is necessary, air insufflation of the upper sac under 
fluoroscopy may suffice, otherwise careful injection 
of a very small amount of low-osmolar water-soluble 
contrast may delineate the needed field. The infant’s 
head should be elevated and the contrast quickly 
removed. A few babies in this spectrum (6%) have 
an isolated TEF (Fig 8.1). A few others not considered 
part of this group have laryngeal cleft, a high defect at 
the level of the aditus that can be confused clinically 
and fluoroscopically with TEF. 

The surgeon may wish the radiologist to more exten- 
sively study a smaller group prior to surgery: the 10% 
that have atresia without TEF or with a TEF from the 
proximal esophageal segment. These babies will have 
no air distally in the GI tract. The timing of the surgery 
may depend on the growth of the proximal and distal 
esophageal segments; the smaller the distance between 
the ends, as demonstrated by the approximation of 
radio-opaque catheters under fluoroscopy (Rossi et 
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Fig. 8.1. Newborn male with choking and hypoxemia with 
feeding. Lateral view from barium swallow delineates TEF, 
with contrast in the trachea 

al. 1998), the more successful the repair. Post-operative 
follow-up must be alert for early anastomotic leaks, late 
anastomotic strictures, and recurrent fistulas (Cum- 
ming and Williams 1996). Pneumothorax, pneumo- 
mediastinum or pleural effusion might be signs on 
plain films of developing complications. 

All of these infants must be screened for the skele- 
tal, renal, anal and cardiac anomalies that can coexist 
with EA-TEF in the VATER or VACTERL associations, 
in about half of the patients (Buonomo et al. 1998). 
Vertebral and limb abnormalities can be diagnosed 
by plain film, while ultrasound is the most efficient 
screen for the brain and heart. Anorectal malforma- 
tions may be apparent clinically. Repair of the TEF 
may not relieve all respiratory symptoms; tracheo- 
malacia almost always occurs when there is TEF and 
the residual tracheal weakness may demand its own 
surgical intervention. 

8.3.2 

Other Causes of Esophageal Narrowing 

If the esophagus is intact, diagnosis may be delayed 
until the infant begins to exhibit feeding difficulties: 
food refusal, slow feeding, vomiting. Again, the spec- 
trum of possible embryologic errors gives several 
differential diagnostic possibilities. The esophagus 
may be very short, due to defective lengthening. 



Plain film and barium study show the stomach in 
the chest (Fig. 8.2). Defective luminal recanalization 
can result in webs (often in mid-esophagus, but can 
occur at any level) or longer-segment fibromuscular 
stenosis, usually in the lower third of the esophagus 
(del Rosario and Orenstein 1998). Embryonic 
remnants in the esophageal wall can cause luminal 
narrowing. These can take the form of respiratory 
tract traces, such as cartilage, which will stiffen the 
wall and interfere with peristalsis. This can occur 
in conjunction with tracheoesophageal fistula and 
esophageal atresia, and may be overlooked due to 
the magnitude of these other abnormalities (Dohil 
and Hassall 1998). 

A smoothly- curving defect in the barium-filled 
esophagus indicates an extraluminal mass that may 
be intrinsic to the esophageal wall or extrinsic to 
the esophagus. The esophagus is the second-most 
common site for duplication, after the ileum (Berro- 
cal et al. 1999). It can form a cyst lined with secretory 
mucosa that causes increasing symptoms as it grows. 
The mucosa can also be gastric in differentiation; its 
presentation will be due to ulceration. The location 
is usually in the intrathoracic esophagus. The same 
type of embryologic error in the respiratory tree 
forms bronchogenic cysts (Nobuhara et al. 1997). 
In their usually central location, close to the carina, 
they can cause respiratory symptoms that may mask 
feeding problems and delay diagnosis. If complicated 




Fig. 8.2. Newborn female with cystic right chest mass on pre- 
natal ultrasound. Barium fills the intrathoracic stomach and 
short esophagus 
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by infection, their presence may be detected by a 
mediastinal air-fluid level on plain film (Hedlund et 
al. 1998) Leiomyomas are rare smooth muscle tumors, 
and the esophagus is an unusual place for them, but 
they can occur. In children, they are more likely to be 
multiple or infiltrative than in adults. Leiomyomatosis 
is a very rare condition seen in about 5% of patients 
with Alport syndrome where widespread involvement 
of the esophagus and, occasionally, the tracheobron- 
chial tree by smooth muscle proliferation leads to 
debilitating symptoms (Guest et al. 2000). Pericarinal 
adenopathy of sufficient magnitude in a small infant 
can compress the esophagus as well (Fig. 8.3). 

Narrowing of the cervical esophagus has a slightly 
different differential list, influenced by the proximity 
of the branchial clefts. Cysts can form from second 
cleft remnants, while the third and fourth clefts can 
fistulize to the piriform sinuses. Cysts of the thyroid, 
thyroglossal duct, thymic remnants or larynx can 
also occur. Duplication is a rare finding in this region 
(Wooton-Gorges et al. 2002). 

Because of the complexity of embryonic morpho- 
genic processes, multiple errors can coexist. It behooves 
the radiologist to recognize patterns of malformation 
when they occur, but not to be a slave to them. In so 
doing he might reject the possibility of a certain pathol- 
ogy because it doesn’t “fit the pattern”, and thereby 
miss a diagnosis. For example, a child with thoracic 
vertebral anomalies who had other VATER/VACTERL 
elements excluded as an infant should not be dismissed 
as having behavioral problems if he presents later with 



feeding difficulties. Rather, a search for a neuroenteric 
cyst or duplication cyst should be considered, both of 
which can also coexist with spina bifida, hemivertebra 
and fusion defects (Berrocal et al. 1999). Finding 
one pathology should not stop the search for others. 
Case reports abound in the literature illustrating odd 
and unexpected assortments of allied anomalies: EA- 
TEF with esophageal stenosis (Newman and Bender 
1997), TEF with web and duplication (Snyder et al. 
1996), anomalous origin of a bronchus from the esoph- 
agus (Lallemand et al. 1996). 

8.3.3 

Vascular anomalies 

Vascular rings and slings deserve special mention, 
as they can be definitively described radiologically 
and treatment planned accordingly. Like other 
abnormalities that narrow rather than interrupt 
the esophagus, these may come to clinical attention 
when the child’s diet changes from liquid to solid. The 
embryonal system of parallel, interconnecting dorsal 
and ventral arteries normally recedes focally to leave 
the familiar left aortic arch and its branches. Varia- 
tion in the pattern of recession can leave the fetus 
with arteries that cross and impinge on mediastinal 
structures (Strife et al. 1998). Two entities that form 
anatomically complete rings that encircle the trachea 
and esophagus and are fairly common are the double 
aortic arch (Fig. 8.4) and the right arch with aber- 




Fig. 8.3. 6 month-old male, 2 months after a visit from foreign 
relatives. Coronal MRI shows compression of mediastinal 
structures by pericarinal and paratracheal adenopathy. The 
patient was treated for tuberculosis 




Fig. 8.4. 5 month-old male with feeding difficulty, stridor, and 
distorted esophagus on barium swallow. Coronal MRI shows 
the trachea compressed between the double aortic arches 
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rant left subclavian artery and intact ductus or liga- 
mentum (Fig. 8.5). These patients will present with 
respiratory and feeding difficulties though when the 
former is thought to cause the latter, diagnosis can 
be delayed. Surgical treatment is usually mandated. 
The arch with contralateral subclavian aberrancy, 
such as the very common left arch with aberrant 
right subclavian, will not have respiratory symptoms 
if the ligamentum is broken or elongated. Though 
a posterior defect may be seen in the barium-filled 
esophagus from the aberrant vessel, surgery is not 
usually necessary unless symptoms interfere with 
growth. Likewise a pulmonary sling, where the left 
pulmonary artery passes between the trachea and 
esophagus on its way to the left side from its anoma- 
lous origin on the right, may distort the esophagus 
without compression (Fig. 8.6); its compressive effect 
on the tracheobronchial tree, however, may be pro- 
found and this can secondarily interfere with feed- 
ing (Siripornpitak et al. 1997). Where a vascular 
anomaly is suspected, either primarily or uncovered 
on barium esophagram, MRI can definitively delin- 
eate it and show its effect on mediastinal structures; 
angiography is contraindicated. 



8.4 

Congenital Functional Abnormalities: 

The Interplay of Anatomy and Maturation 

8.4.1 

Dysphagia 

Swallowing demands a certain level of central nervous 
system (CNS) maturation and function. Musculoskel- 
etal structures in the face and neck must act in flawless 
concert to safely deliver ingested food past the larynx 
and into the esophagus. Similar functions are brought 
into play to protect the airway during reflux or vomit- 
ing. Swallows can be observed in the 12-week fetus, 
and passage of amniotic fluid through the GI tract is 
essential for its growth and development. However, the 
oral phase of swallow requires skills that come with 
later fetal maturity (Derkay and Schechter 1998). 
Premature infants’ suckle behavior is characterized by 
short bursts of quick jaw movements and tongue com- 
pressions. This persists in the mature infant as non- 
nutritive sucking, an important behavioral adjunct 
to successful feeding. However, premature infants 
cannot reliably mount the negative intraoral pressure 
required for extraction of fluid from the nipple and 
formation of a swallow bolus. Thus, an esophagram 




Fig. 8.5. 2 month-old female with wheezing and regurgitation, 
and right aortic arch on chest x-ray. Lateral view of barium 
swallow shows prominent posterior defect. MRI (not shown) 
confirmed vascular ring with right arch, aberrant left subcla- 
vian artery and intact ligamentum 




Fig. 8.6. 1 month-old male with wheezing. Chest radiograph 
(not shown) was remarkable for asymmetric hyperinflation 
on the right. Lateral view of barium swallow shows anterior 
defect in the contrast column, compatible with pulmonary 
sling. Confirmed by MRI (not shown) 

on such an infant may show fluid loss from the mouth, 
uncontrolled entry of fluid to the pharynx, nasopha- 
ryngeal reflux, penetration of fluid to the larynx and 
trachea, lack of cough response, poor coordination of 
breathing and swallowing. All of these are cause for 
great concern when they occur in the term or near- 
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term infant, but may prompt only watchful waiting and 
cautious re-evaluation at a later time in a baby who 
could be 25-32 weeks post-conception age at the time 
of the first exam. However, in both groups the finding 
of contrast in the trachea should be scrutinized care- 
fully to exclude the possibility of TEF or laryngeal cleft. 
Using a small, thin-walled nipple and observing swal- 
lows at the start of the exam before the patient tires 
help the premature infant show his best abilities. 

Infants and children with CNS dysfunction sec- 
ondary to primary brain dysplasia (due to prenatal 
infection or vascular events, or to chromosomal 
abnormality [Eicher et al. 2000]) and perinatal 
hypoxemia or hemorrhage form a large and grow- 
ing population of patients with impaired swallowing. 
Loss of swallow skills from head trauma, malignancy, 
or degenerative disorders adds these patients to this 
group as well. Occasionally, progressive dysphagia is 
the presenting symptom that leads to diagnosis (Elta 
et al. 1996), or it may be only one of many problems. 
Advances in salvage and supportive care have made 
the basic ability to be fed the remaining determinant 
of survival in this population. It is the job of the radi- 
ologist, often in tandem with a feeding therapist, to 
determine a patient’s level of function, whether there 
are any anatomic impediments to safe feeding, and 
what food textures can be fed (Gisel et al. 1998). The 
esophagram is often used to elucidate the basic ana- 
tomic framework and exclude obstruction, followed 
by a modified barium swallow concentrating on the 
swallow mechanism (Mercado-Deane et al. 2001). 

8 . 4.2 

Gastroesophageal Reflux 

Gastroesophageal reflux (GER) is near-universal in 
infants, decreasing in frequency with growth and 
maturation. It still occurs in normal children as well. 
It becomes pathologic when associated with pain, 
respiratory symptoms, or dysphagia. Transient lower 
esophageal sphincter relaxation (TLESR) has been 
implicated in allowing reflux episodes to occur but 
many factors contribute to the transition of reflux 
from a benign to a malignant classification (del 
Rosario and Orenstein 1998). One such factor is 
decreased esophageal clearance, from supine position- 
ing, dysmotility or infrequent swallowing. The pres- 
ence of a nasogastric feeding tube can also impede 
acid clearance, though the number of reflux episodes 
is unchanged; a large tube can convert a non-refluxer 
to a refluxer, however (Noviski et al. 1999). Straining, 
a favorite maneuver to provoke reflux in adults during 



a fluoroscopic examination, does not do the same in 
children, unless it happens to coincide with a TLESR 
(Kawahara et al. 2001). High gastric volume (due to 
large feeds or delayed gastric emptying) and increased 
osmolality in gastric contents are associated with more 
and longer periods of lowered LES pressure (Salvia et 
al. 2001). Hiatus hernia promotes reflux because of the 
loss of diaphragmatic hiatal support for the LES. 

The most important morbidity associated with 
GER is aspiration. The effects of gastric acid on the 
tracheobronchial tree visible on plain film may be 
subtle hyperinflation due to vagal-mediated bron- 
chospasm or flagrant peribronchial inflammation, 
atelectasis, or pneumonia. In the child who is usually 
in a supine position, the upper lobes, particularly on 
the right, may be more involved; a child who is more 
erect will deposit the aspirate into the lower lobes. 
Even aspiration of saliva, if it occurs chronically, is 
far from benign. Distinguishing between salivary 
and gastric aspiration can be important for therapy, 
and in cases where GER studies fail to show expected 
reflux, nuclear medicine salivagram can be useful 
(Cook et al. 1997). 

8 . 4.3 

Achalasia 

Successful passage of a food bolus through the esopha- 
gus depends on sequential relaxation and closing of 
the upper and lower sphincters that divide the esopha- 
gus from the pharynx above and the stomach below. 
Achalasia of the LES is unusual in children, comprising 
only about 5% of the total cases (Buonomo et al. 1998). 
In older children, (mean age of onset being about 9 
years) the radiologic appearance is like that in adults, 
with a distended, static esophagus terminating in a 
“beak” at the LES. In younger patients, the distension is 
less evident. The classic therapy is surgical myotomy; 
in recent years hydrostatic balloon dilatation has 
become popular (Upandhyaya et al. 2002). However, 
in all patients there is an underlying dysmotility that 
affects the entire esophagus, such that relief of the 
LES obstruction does not restore normal esophageal 
function. Follow-up with barium and radionuclide 
swallows in a series of patients showed persistent 
esophageal dilatation and contrast retention despite 
an open cardia (Chawda et al. 1998). This paper also 
indicated that radionuclide studies could substitute for 
barium swallows for functional follow-up, at a lower 
radiation dose. 

Cricopharyngeal achalasia is still more rare, with 
scattered cases reported (De Caluwe et al. 1999). 
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The characteristic cricopharyngeal bar (a posterior 
indentation in the barium column during swallow) 
can be seen intermittently in normal patients, but true 
achalasia of the upper esophageal sphincter (UES) 
results in obstruction to passage of the bolus, with 
discoordinate swallowing, cough, nasopharyngeal 
reflux, and aspiration. Arnold-Chiari malformation 
can be a cause, and should be excluded (del Rosa- 
rio and Orenstein 1998). The same treatments used 
for LES achalasia can apply here, but in some cases 
conservative treatment with gavage feeding showed 
slow return to normal UES function. 

Special mention should be made of children with 
Down syndrome. They are disproportionately repre- 
sented among patients with congenital GI abnormal- 
ities, including esophageal webs, TEF/EA, duodenal 
atresia and Hirschsprung disease. They also have a 
high rate of esophageal dysmotility and LES achala- 
sia, up to 30% in one study (Zarate et al. 2001). 



8.5 

Acquired Anatomic Abnormalities: 
Idiopathic and Iatrogenic 

8.5.1 

Foreign Body Ingestion 

The most frequent acquired pathology among chil- 
dren is the ingested foreign body. The bounty of case 
reports in the literature attests to the child’s endless 
ingenuity in this regard. Coins are the most frequently 
swallowed object (Harned et al. 1997); the local 
demographics will determine if the second-most- 
frequent items are fish bones or other metal objects 
such as batteries or keys (Cheng and Tam 1999; Loh 
et al. 2000). Diagnosis is straightforward in the case 
of a radio-opaque item: lateral film of the lower face 
and neck and an AP film of the chest and abdomen to 
cover the entire GI tract from nose to anus will locate 
it. The lateral examination is recommended because 
of the young child’s ability to habituate to foreign 
bodies in the pharynx and nasopharynx, which 
could be missed on chest x-ray (Fig. 8.7). Diagnosis 
of a bone ingestion is more difficult, but one study 
confirmed the plain film appearance in 26% (Cheng 
and Tam 1999). If the foreign body passes the UES, 
it will tend to impact at points where the esophageal 
lumen narrows: the thoracic inlet, the carina, and the 
LES. There is no consensus in the literature about 
predicting passage based on size and location at diag- 
nosis, but there is unanimity in the assertion that all 



esophageal foreign bodies should be removed before 
24 hours. The risk of inflammation and perforation 
is high and containment is poor, as the esophagus 
has no serosa. 

Retrieval method for the foreign body varies with 
the institution, the kind of object, and how long it has 
been impacted. Coins are most frequently removed 
under fluoroscopy using a Foley catheter (Harned 
et al. 1997). Sharp, small or multiple objects should 
be removed endoscopically or surgically, as should 
coins where the radiographic appearance suggests 
tracheal compression or edema, or possible perfora- 
tion (pneumomediastinum, pleural effusion) (Kaye 
and Towbin 1996). Button batteries, such as for cam- 
eras or hearing aids, should be immediately removed 
as they cause chemical damage to the mucosa on 
contact and are a prominent cause of perforation 
(Samad et al. 1999). 

The consequences of delayed removal are grave. 
High impactions at the UES can present as wheezing, 
cough and vocal cord paralysis (Virgilis et al. 2001). 
Sharp objects such as fish bones can lacerate the 
mucosa leaving hematomas (a minor complication 
is this series) or perforate (7% of patients), causing 
mediastinitis, retropharyngeal abscess, and aorto- 
esophageal fistula (Loh et al. 2000). Pieces of plastic 
often have sharp edges and can erode and perforate 
(Fig. 8.8). The level of perforation does not necessarily 
determine the nature of the complication, as the medi- 
astinitis that inevitably follows can transmit infection 
to distant sites, such as an intervertebral disc (Fonga- 
Djimi et al. 1996). Because it is smooth, a coin in the 
esophagus can be initially asymptomatic. However 
with time, it too can erode and cause infection or per- 




Fig.8.7. 16 month-old female with two-week history of food 
refusal. AP scout radiograph for modified barium swallow. 
Hoop earring is seen impacted at the thoracic inlet. Patient 
transferred to the endoscopy service 
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Fig. 8.8. 1 1 month-old female with drooling, wheezing, irrita- 
bility and food refusal. Lateral chest radiograph. Coin in the 
esophagus is seen on edge. Just anterior to it is the faint outline 
of a piece of broken plastic. The trachea is narrowed, indicat- 
ing mediastinitis. This patient is not a candidate for extraction 
by Foley catheter because of the multiplicity, the sharp edges, 
and the complications 

foration; one case report detailed a brain abscess that 
followed delayed extraction (Louie et al. 2000). 

8 . 5.2 

Iatrogenic Foreign Bodies 

Nasogastric intubation is one of the most frequent 
hospital interventions though inadvertent perfora- 
tions rarely occur. The neonate is most frequently 
affected, probably because of the small diameter of 
the tract relative to the size of the tube, and the fact 
that the tube must pass through an even narrower 
lumen at the UES. If the UES is closed because of 
spasm, the tube can perforate the pharynx. Films at 
that point might be reminiscent of esophageal atresia, 
with the tube curling in the neck. Air in the medi- 
astinum, expanded retropharyngeal soft tissues and 
pleural effusion will help alert the radiologist to the 
correct diagnosis. Cautious administration of water- 
soluble contrast may show a pseudodiverticulum or 
a free perforation (Sarin et al. 2000). 

Thoracostomy tubes are placed to drain air or 
fluid from the pleural space. There is a tendency 
for the operator to place the tube as far medially as 
possible to ensure that it does not become dislodged. 
However, should the tube rest against mediastinal 
structures such as the esophagus, pressure necrosis 
can result (Cairns et al. 1999). When percutaneous 
gastrostomy tubes are changed, the internal rubber 
bumper is often left in the stomach to pass in the 
stool. Occasionally, these can cause gastric outlet 



obstruction. In one case, the remnant migrated into 
the distal esophagus and impacted where, despite its 
being soft and malleable, it ulcerated the mucosa and 
caused scarring (Nowicki et al. 1996). 

8 . 5.3 

Mucosal Destruction 

Widespread trauma to the esophageal mucosa can 
result in perforation acutely, or eventually lead to 
scarring and narrowing. The cause can be chemical 
burns, infection or inflammation. Corrosive inges- 
tions do the most damage when the agent is an alkali, 
such as drain cleaner. Burns are found most usually in 
the mouth, with fewer patients exhibiting pharyngeal 
involvement and still fewer with esophageal burns. In 
one series, 29% had complications and about half of 
these required esophageal replacement (de Jong et 
al. 2001). Contrast esophagram evaluation is generally 
delayed until after the initial inflammation subsides; 
if done earlier, it tends to underestimate the extent of 
damage. It is most valuable in assessing esophageal 
function in cases of moderate burns and gauging 
the extent of strictures and the results of dilatation. 
Immunosuppressed patients with oral candidiasis can 
develop candidal esophagitis. Graft vs. host disease, a 
feature of the same population, can behave similarly. 
Where the mucosa is too friable for endoscopy, con- 
trast swallow can help assess the extent of ulceration, 
response to therapy and the occurrence of strictures. 
In advanced, invasive candidiasis cases perforation 
can occur, necessitating esophageal replacement 
(Gaissert et al. 1999). Stevens-Johnson syndrome, 
or toxic epidermal necrolysis, is characterized by skin 
and mucosal lesions, precipitated by certain drugs or 
infectious agents. Oral lesions are frequent (60-80% 
of patients) and their severity can mask esophageal 
involvement. Strictures are not common sequelae, 
however (Lamireau et al. 2001). 

Reflux esophagitis has several recognized com- 
plications. Barrett's esophagus, where a specialized 
epithelium known to be preneoplastic is found in an 
esophageal segment of variable length, is found par- 
ticularly in patients predisposed to severe GER: those 
with severe neurologic impairment who are mainly 
recumbent, those with chronic lung disease such as 
cystic fibrosis who cough and have pulmonary toilet 
in the head-down position, those with primary esoph- 
ageal dysmotility or hiatus hernia (Hassall 1997). 
Mucosal irregularity, ulceration, and narrowing can 
be seen on contrast study. Schatzki rings, less famil- 
iar in children than in adults, are found in a similar 
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group of patients (Buckley et al. 1998). Esophagitis 
can have a predictable outcome - multiple mucosal 
rings - but an unusual cause: eosinophilia with food 
allergy, not reflux (Siafakas et al. 2000). 

8 . 5.4 

Miscellaneous Causes of Esophageal Dysfunction 

Esophageal perforation due to blunt chest trauma is a 
familiar scenario for an adult in a motor vehicle acci- 
dent, but very rare in a child. Diagnosis can be delayed 
unless there is a high index of suspicion (Sartorelli 
et al. 1999). Iatrogenic perforation during stricture 
dilatation is more common, 21% in one series (Kang 
et al. 1998) where balloon dilatation was used. Anas- 
tomotic (post EA repair) and peptic strictures reacted 
the same way to dilatation. Another series (Panieri et 
al. 1996) documented less that 1% perforations with 
bougie and olive dilators. Contrast swallows in these 
series showed abnormality ranging from mucosal 
disruption to frank perforation or fistula. 

Nissen fundoplication is the surgical procedure of 
choice to control GER. It has its own complications, 
however, which can adversely affect the patient’s 
ability to eat (Trinh and Benson 1997). Tightening 
the gastroesophageal junction is a delicate balance: 
tight enough to prevent reflux but loose enough to 
permit bolus passage. Patients who have had an 
EA-TEF repaired already suffer from dysmotility 
of the esophagus below the anastomosis. This pro- 
motes reflux and usually is the reason for the Nissen. 
However, the ability to propel the bolus may then 
be completely compromised. Fundoplications can 
completely break down, but more often a large para- 
esophageal hernia forms that extends into the chest 
through the loosened hiatus. This can compress the 
distal esophagus still further and impede bolus pas- 
sage. Many Nissen patients are not fed by mouth but 
by gastrostomy tube and it is tempting, when asked 
to look for recurrent reflux to explain the patient’s 
vomiting, to only inject the tube. However, giving 
just a few cc’s of barium by mouth can find the pos- 
sible distal esophageal obstruction and show the 
distended esophagus filled with secretions that the 
patient regurgitates. 

Two final acquired complications can narrow the 
esophagus. In one, an arterial switch procedure puts the 
aorta into position to compress the esophagus (McEl- 
hinney et al. 1998). The other represents the end stage 
of any of a number of diseases that cause portal hyper- 
tension (Buonomo et al. 1998). Extrahepatic portal 
obstruction is much more common in children. Varices 



form around the distal esophagus, causing vermiform 
defects in the margins of the contrast column. 



8.6 

Acquired Functional Abnormalities: 

The Diagnosis of Exclusion 

Difficult feeding or food refusal suspected to be psy- 
chogenic in origin is a frequent reason for ordering a 
modified barium swallow prior to instituting behav- 
ioral therapy. There are some historical cues that can 
support this request: early history of prematurity or 
surgical procedures that interfered with the evolu- 
tion of feeding skills, or bizarre dietary choices that 
have no logic. However, all of the forgoing chapter 
has attempted to show that there can be a compel- 
ling anatomic or functional pathology to explain the 
symptoms, and that it is the radiologist’s job to find it. 
History clues, such as suddenness of onset, wheezing, 
coughing, irritability, and taking liquids but refus- 
ing solids all point toward a physical cause. A formal 
upper GI exam should precede any modified swallow. 
It is a small, “low-tech” effort that can reap impressive 
results. Once the radiologist is satisfied that the child 
is normal anatomically and functionally, a psycho- 
genic diagnosis might be entertained. 
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9.1 

Introduction 

There are several age-related alterations in oral, 
pharyngeal and esophageal morphology and func- 
tion. These variations in the healthy elderly (primary 
ageing) must be taken into account during clinical 
and radiological evaluation. In fact, theses changes 
do not normally impair the swallowing process and 
are thereby not symptomatic. However, when disease 
processes (secondary ageing) add to primary ageing 
they may result in significant impairment. 

Deglutition disorders are common and costly in 
the elderly. The actual prevalence and natural his- 
tory of such dysphagia is not very well known. It is 
more commonly detected in the hospitalised and 
institutionalised elderly than in individuals who live 
in their own homes. The prevalence of dysphagia in 
hospitals and nursing homes with predominantly 
an elderly population has revealed a prevalence of 
dysphagia in up to 50% of the population (Groher 
and Bukatman 1986). It is also much more common 
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in the very old (over the age of 85) than in any other 
group. Neurologic diseases such as stroke, demen- 
tia and Parkinson’s disease are common in these 
populations. The central nervous system regulates 
oropharyngeal function in an integrated complex 
sensory and motor activity pattern. Especially the 
co-ordination between the oral and pharyngeal stage, 
i.e. between a voluntary and an automatic function, 
is vulnerable. In the elderly this coordination is fre- 
quently impaired. 

Many elderly people with dysphagia seem to be in 
reasonably good health, not frail or bedridden. They 
do not seem to suffer from clinically apparent neuro- 
logic disease. Oropharyngeal impairment is usually 
insidious and chronic in these individuals, although 
acute, transient cases do occur. A rational approach 
to understanding deglutition in the aged requires 
that we differentiate expected, if not clearly predict- 
able, senescent changes (primary ageing) from those 
caused by disease (secondary ageing). Unfortunately, 
subclinical pathology, especially cerebral vascular 
disease, makes this distinction difficult. 

From other organ system we know that there is 
roughly a 1% yearly decline in function beginning 
at age 30. Overall ageing is a progressive generalised 
impairment of function resulting in a loss of adaptive 
response to stress and in a growing risk of age-asso- 
ciated disease (Kirkwood 2000). 

The morphodynamics of deglutition can be mea- 
sured in terms of timing, movement of anatomical 
structures, pressure generation and bolus move- 
ments (Tracy et al. 1989; Sonies et al. 1988; Shaw 
et al. 1990; Shaker et al. 1990). Senescent changes in 
oropharyngeal function can be characterised as “less 
efficient”. However, the relationship between symp- 
toms and morphodynamic abnormalities, especially 
in a context of compensation/decompensation is very 
complex (Jones and Donner 1991). 

One important feature of ageing is an inability to 
adapt to stress and the videofluorographic examina- 
tion is certainly a stressful situation. Abnormalities, 
or differences from younger, presumably normal indi- 
viduals, may induce alterations that reflect senescent 
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decline in function. Similarly, the examination itself 
may induce decompensation in those with existing 
dysfunction due to known disease and minor abnor- 
malities may become major. 

9.1.1 

The Ageing Brain 

In the central nervous system various alterations of 
the cyto-architecture occurs in ageing. For example, 
motor neuron counts in the spinal cord show that the 
number of cells declines by approximately 200 neurons 
per segment per decade (Schoenen 1991). In a study 
that counted the pigmented neurons in the locus coe- 
ruleus in the brainstem found a decline averaging 2000 
cells per decade after the age of 60 (Vijayashankar 
and Brody 1979). Cell counts in various glossopha- 
ryngeal and vagus nuclei within the brainstem are not 
available in humans but a similar decline is likely. 

9.1.2 

Primary Ageing 

The oral cavity is undergoing important changes with 
age. Such changes include an increase in the amount 
of connective tissue in the tongue, loss of dentition 
and reduced masticatory strength (Logemann 1990). 
In the pharynx it has been shown that the anterior 
elevation of the larynx is less pronounced in the 
elderly and that the pharyngeal swallowing phase is 
significantly slowed down (Sonies et al. 1988). The 
pharyngeal peristaltic motion has been shown to be 
slowed down above the age of 60 (Tracy et al. 1989). 
However, another study showed that this is not the case 
but that there is instead a wider intrapersonal vari- 
ability in the aged (Borgstrom and Ekberg 1988a). 
However, there is no significant change in pharyngeal 
peak pressure, duration or in the rate of propagation 
of contraction (Robbins et al. 1992). Healthy elderly 
subjects therefore do not have any residual accumula- 
tion in the pharynx after swallowing. 



9.2 

The Oral Stage 

It has been shown that pressure that is generated 
during swallowing by the tongue does not change 
in elderly compared to young individuals. How- 
ever, when individuals are asked to apply maximal 



strength the pressure recording increases consid- 
erably in young, while in the elderly such reserve 
capacity does not seem to exist. Others have shown 
that lingual peristaltic pressure decreased with age 
(Shaker et al. 1988) 



9.3 

The Pharyngeal Stage 

9.3.1 

Misdirected Swallowing 

Bolus misdirection into the airways is the most sig- 
nificant event observed during videofluoroscopy. The 
timing and level of bolus misdirection are important 
observations, but again, may be extremely variable 
(Dodds et al. 1990; Logemann 1983; Groher 1983). 
In the elderly, it is not uncommon to see ingestion 
of a too large a bolus volume or rapid ingestion rate 
during uncontrolled administrations. This results in 
disruption of sequencing between bolus ingestion, 
delivery, propulsion and laryngeal closure. Some 
patients aspirate only on the first liquid barium 
administration, others appear relatively normal 
until a small amount penetrates and then grossly 
deteriorate and aspirate before, during and after 
some of the subsequent swallows. Particularly in the 
elderly bolus misdirection most often results from 
oral stage dysfunction even when it occurs during 
the pharyngeal stage. 

Another common finding in the elderly is failure 
of containment during ingestion, oral processing of 
bolus holding. In these individuals the glossopalatal 
seal is inadequate. Lingual movements maybe dyski- 
netic or disorganised and disrupt the glossopalatal 
seal. Alternatively there may be no oromotor activity 
attempting to contain the bolus once it is ingested. The 
third oral stage cause of misdirection is transitional 
dissociation. This means that the bolus is positioned 
at the wrong place at the wrong time. Dissociation 
has been defined in Chap. 4. In young individuals the 
hyoid bone starts to move anteriorly (from its poste- 
rior position) before the apex of the bolus passes the 
level of the faucial isthmus as it can be seen in a true 
lateral projection during swallowing. With increasing 
age the start of this anterior hyoid bone movement 
is delayed. It is common in elderly (over 75 years of 
age) to observe a delay of the anterior movement of 
the hyoid bone for more than 0.5 s after the apex of 
the bolus passed the faucial isthmus (Feinberg and 
Ekberg 1991). In that study using the previously 
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Fig. 9.1a, b. Pharyngeal dysfunction is common in the elderly. Weak musculature leads to impaired clearance of the pharynx. This 
is mostly related to defective elevation of the pharynx. In this patient there is pooling of contrast medium in the vallecula and 
piriform sinus bilaterally. Contrast medium has reached into the laryngeal vestibule and is also seen between the arytenoids 



outlined pattern analysis it was found that aspiration 
was due to oral stage dysfunction in 50%, pharyngeal 
dysfunction in 30% and combined dysfunction in 
20%. The most common oral stage abnormality was 
failure of containment. Transitional dissociation was 
seen in many patients. Almost as common was large 
bolus ingestion or rapid ingestion rate. The most 
common pharyngeal stage abnormality was incom- 
plete transportation, i.e. retention. A mere defective 
laryngeal closure was seen less frequently (Feinberg 
and Ekberg 1991). There is, however, no significant 
relationship between a patient’s specific disease, and 
the pattern of abnormalities during barium swal- 
low. This means that the observed dysfunctions are 
non-specific in terms of their aetiology. The high fre- 
quency of oral dysfunction indicates that oral stage 
abnormalities must be routinely looked for during 
videofluoroscopy. 

The presence of anterior osteophytes larger than 
10 mm that impinge on the pharynx may explain aspi- 
ration in dysphagic patients (Strasser et al. 2000). 
Coexisting clinical conditions and diseases such as 
stroke and partial laryngeal resection increases the 
risk of aspiration in patients with smaller osteophytes 
of the cervical spine. 



Pneumonia is common in the elderly and it may 
be due to defective closure of the airways during 
swallowing, i.e. penetration/aspiration. However, 
the cause and effect relationship is complex and few 
studies have addressed this accordingly (Doggett 
et al. 2001; Feinberg et al. 1996). In fact, the most 
plausible explanation is that infected saliva reaches 
the lower airways by route of the larynx and causes 
the infection (Langmore et al. 1998). 

9.3.2 

Pharyngeal Constrictors 

There are conflicting opinions concerning the effect 
of aging on deglutitive pharyngeal pressures. While 
one study showed that there was no pressure differ- 
ence (Robbins et al. 1992), other studies have shown 
differences (Tracy et al. 1989; Perlman et al. 1993; 
Shaker et al. 1993). However, there is a multitude 
of methodological differences that makes compari- 
son difficult. In fact, one of the studies (Shaker et 
al. 1990) showed that the peristaltic pressure wave, 
amplitude and duration was significantly greater in 
the elderly compared to the young. Such alteration 
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with age, alterations that actually could be seen as 
improvements, may actually be regarded as com- 
pensatory responses to, for instance, reduced cross 
sectional area of the deglutitive pharyngoesophageal 
segment opening in the elderly (Shaw et al. 1990). A 
study supporting this theory has been presented by 
Shaker (Shaker 1993). In this study he found that 
intrabolus pressure in the pharynx was significantly 
higher in elderly compared to young patients, both 
on swallowing in upright and supine positions and 
both with liquid and mashed potatoes. This again 
may indicate that there is lack of distension of the 
PES in the elderly. 

9.3.3 

The Pharyngoesophageal Segment 

The pharyngoesophageal sphincter pressure has also 
been studied in elderly compared to younger sub- 
jects. Cook et al. (1989) did not find significant age- 
related changes in resting PES pressure measured 
with a sleeve device; however, he only studied indi- 
viduals under 55 years of age. Wilson et al. (1989) 
made the same observation in healthy subjects under 
62 years of age. On the other hand, Fulp et al. (1990) 



were able to show that normal elderly subjects over 
62 years of age have lower resting PES pressure than 
younger controls. Shaker et al. (1993) studied the 
effect of ageing (70 years and over) on the resting 
PES pressure and its response to esophageal air and 
balloon distension. The results of this study indicate 
that aging significantly reduces the resting PES pres- 
sure. However, this latter study (Shaker et al. 1990, 
1993) also showed that there was normal PES pres- 
sure responses to swallowing and esophageal disten- 
sion by air and balloon in the elderly. Therefore, the 
protective role of the PES against pharyngeal reflux 
of gastric acid is preserved in the elderly. 

Another study by Kendall and Leonard (2001) 
has shown that there is pharyngeal weakness in the 
elderly dysphagic patient. They also concluded that 
poor pharyngeal constrictions suggestive of pha- 
ryngeal weakness contributed to 75% of cases of 
aspiration in their study. Feeding and respiratory 
pattern was studied in normal older people (Hirst 
et al. 2002). Hirst and colleagues found a fairly 
stable pattern. It has been shown that particularly in 
the elderly incoordination commonly leads to aspira- 
tion (Nilsson et al. 1997). Solid aspirators also have 
a lower oxygen saturation level compared to normals 
(COLODNY 2001). 




Fig. 9.2a, b. Barium swallow in a 79-year-old woman with dysphagia. She coughs during eating. Compensation is often difficult 
to detect on barium swallow. This patient has increased activity in the middle pharyngeal constrictor ( broad arrow). This is 
likely to be due to a weak tongue base pressure. In this patient there is also misdirected swallowing. Barium has reached through 
the vocal cords (arrow) into the subglottic area. There is also an incoordination of the opening of the pharyngoesophageal 
segment seen as an indentation of the cricopharyngeal muscle (open arrow), a Midpharyngeal stage of swallow, b Two eighths 
of a second after (a) 
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Fig. 9.3a-e. Zenker’s diverticula. These are usually asymptomatic in younger persons (as in a and b). In a young person Zenker’s 
diverticulum is usually the only abnormality found. This is in contrast to in the elderly (as in c and d). In this patient there is 
concomitant dysfunction with pooling of contrast medium in the vallecula and in the piriform sinuses. There is also misdirected 
swallowing. Although the diverticulum is bigger in the young patient in (a), it is likely that most of the symptoms are due to 
concomitant pharyngeal dysmotility. However, in elderly patients the diverticulum might be huge as in (d). The diverticulum 
dislocates the cervical esophagus anteriorly and it was obvious during the examination that there was an obstruction for bolus 
passage 
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9.4 

Examination Techniques 

The examination technique in the elderly does not 
differ from that in young individuals. However, many 
elderly people are severely impaired and cannot 
cooperate. The examination should be custom- 
tailored to the patient’s symptoms and in fact in 
a very impaired elderly patient there are very few 
relevant clinical questions that should be addressed. 
Therefore, such an examination is usually very easy 
to perform. 



9.5 

The Non-dysphagic Elderly 

An important aspect is of course the prevalence 
of videofluorographic abnormalities in non-dys- 
phagic elderly. It has been shown that only 16% of 
the population of aged (mean age 83) were appreci- 
ated as normal (Ekberg and Feinberg 1991). Oral 
and pharyngeal dysfunction was very prevalent in 
that study (63% and 25%, respectively) (Fig. 9.1). 
Combined dysfunction was present in 60%. 65% 
showed bolus misdirection into the airways (20% 
penetration into the vestibule, 45% minor aspiration 
to the trachea). No major aspiration was observed. 
Misdirection was due to oral dysfunction four times 
as often as pharyngeal and twice as often as com- 
bined oral and pharyngeal. In that study 36% had 
dissociation between the oral and pharyngeal stage. 
This was the pathophysiology of oral dysfunction 
leading to misdirected swallowing. However, in that 
study, half had a history of neurologic disease such 
as dementia, Parkinson’s and stroke, although none 
had a history of dysphagia or swallowing impair- 
ment. Pharyngeal constrictor paresis and lingual 
dysfunction was much more common in those with 
neurologic disease. The high frequency of abnor- 
malities that was observed in that study may have 
a number of explanations. Many elderly individuals 
do not admit to being dysphagic even when it is 
obvious. Caregivers are relatively poor at detecting 
dysphagia unless they have been specifically trained 
(Ekberg et al. 2002). 

Altered oropharyngeal function has been docu- 
mented in asymptomatic elderly volunteers (Pon- 
toppidan and Beecher 1960; Baum and Bodner 
1983; Sonies et al. 1984; Borgstrom and Ekberg 
1988b; Tracy et al. 1989; Ekberg and Feinberg 
1991; Robbins et al. 1992). Such changes maybe due 



to normal age-related changes in tissues, muscles 
and neuromorphodynamics. It is not clear what is 
“normal decline” in oropharyngeal function among 
elderly and what is really the result of disease pro- 
cesses which definitely is more common in the elderly, 
particularly in the central nervous system (Levine et 
al. 1992; Buchholz 1992). Again, it is very important 
to try to compare symptoms with morphodynamic 
findings (Sheth and Diner 1988; Donner and 
Jones 1991). There is a confusing overlap of clinical, 
videofluoroscopic and magnetic resonance imaging 
(MRI) findings in elderly individuals with and with- 
out oropharyngeal dysphagia/dysfunction. 



9.6 

Dementia 

Because dementia is the most common neurologic 
disease associated with misdirected swallowing it is 
of interest to study such a population more closely 
(Feinberg et al. 1992). In Feinberg’s study only 7% 
were appreciated as normal during videofluoroscopy. 
Oral stage dysfunction was found in 73%, pharyngeal 
dysfunction in 43%, pharyngoesophageal abnormali- 
ties in 33% and combined dysfunction in 42%. When 
only one stage was abnormal, again oral (36%) was 
much more common than pharyngeal (14%). 
Common neuropsychiatric features of dementia can 
explain the oral stage dysfunction that was observed 
in that study. Patients frequently seem to be display- 
ing agnosia (inability to recognise familiar stimuli 
or situation), dyspraxia (inability to perform coor- 
dinated movements) and abulia (psychomotor retar- 
dation). Inappropriate ingestion behaviour appears 
to be secondary to faulty judgement and lack of 
impulse control. Transitional phase dissociation was 
the most common oral abnormality, seen in 44% of 
patients. Volicer et al. (1989) have suggested that 
Alzheimer patients “simply have forgotten how to 
initiate the swallowing reflex” and a high frequency 
of dissociation in the above cited study may reflect 
such a deficit. 

A recent study found correlation between the 
impairment of the oropharyngeal swallowing phase 
and the presence of unidentified objects observed 
incidentally on head MRI performed on elderly 
subjects (Levine et al. 1992). Another study found 
alterations of pharyngeal clearance and swallowing 
pressure in patients with prominent cervical osteo- 
phytic formations (Ohmae et al. 1993; Strasser et 
al. 2000). 



The Geriatric Pharynx and Esophagus 



213 



9.7 

The Ageing Esophagus 

The term “presbyesophagus” has been used to describe 
esophageal motility abnormalities in elderly. However, 
subsequent studies showed that dysmotility does not 
occur secondarily to ageing as such. However, esopha- 
geal diseases are common in all age groups including 
the elderly. Some diseases have a relative frequency 
that increases with age such as adenocarcinoma. One 
must also take into account that an elderly patient with 
suspected achalasia is much more likely than a younger 
one to have a distal esophageal malignancy. Moreover, 
long-standing achalasia that occurs in an elderly patient 
may develop a secondary malignancy. 

Symptoms of well-known diseases usually have a 
more complex presentation in the elderly. Therefore, 
chest pain due to esophageal dysmotility or gastro- 
esophageal reflux disease may be much more difficult 
to distinguish from coronary artery disease. Moreover, 
chronic disorders present for a long time in the elderly 
are more likely to cause complications. This may be 
true for Barrett’s esophagus and adenocarcinoma of 
the esophagus. Esophageal dysmotility is a major prob- 
lem in the elderly. The symptoms are characteristically 
related to abnormal transportation of ingested material 
through the esophagus. Cardinal symptoms are chest 
pain and/or vomiting. The major differential diagnos- 
tic problem is to detect any underlying mechanical 
obstruction such as reflux (or other) stricture and 
malignancies. Characteristically strictures are symp- 
tomatic for solid foods but not for liquids. Dysmotility 
is usually equally symptomatic for liquids and solids. It 
is always important to consider endoscopy in this age 
group. If contraindicated or not available the radiologic 
study must include morphologic evaluation. 

The effect of aging on the esophageal motor func- 
tion has been studied by several authors. Non-propul- 
sive, often repetitive contractions are numerous in the 
elderly (Soergel et al. 1964; Zboralske et al. 1964). 
Tertiary contractions and delay of the esophageal 
emptying, as well as dilatation of the esophagus, are 
also commonly seen. It has also been shown that the 
distal esophageal peristaltic amplitude is significantly 
higher in the elderly compared to younger (Richter 
et al. 1987). Interestingly, however, the proximal esoph- 
ageal contractile amplitude did not increase with age. 
Others have shown that the lower esophageal sphinc- 
ter resting pressure does not differ between young and 
elderly (Shaker 1993). 

Esophageal dysmotility is one of the major reasons 
for drug induced esophagitis. Commonly reported 
drugs are NS AID, tetracycline derivates, potassium 




Fig. 9.4. Esophageal dysmotility is common in the elderly. This 
patient shows multiple non-propulsive contractions of the distal 
esophagus. This may, as in this patient, be very symptomatic. 
This 81 -year-old woman vomited halfway through every meal. 
The barium study shows retention due to the motor dysmotility. 
Other patients might show similar esophageal dysfunction but 
do not vomit and are not otherwise symptomatic either 

chloride and now also alendronate. Esophageal injury 
may be related to acidic pH in some of these drugs. 
However, potassium chloride causes injury by acting on 
smooth muscles, particularly on the small arteriole in 
the mucosa and submucosa. Thereby causing an isch- 
emic lesion which may lead to fibrosis and stricture. 
Such drug induced esophagitis may be overcome if the 
patient takes precautions in terms of drinking before 
and after ingestion, and also to ingest in an upright 
position. 

One common observation in the elderly is so- 
called corkscrew esophagus. It has a very impressive 
radiologic appearance. It may or may not be symp- 
tomatic. Control of motor activity in peristalsis in 
the esophagus is a complex interaction of excitatory 
and inhibitory stimuli. It should be remembered that 
denervation of smooth musculature leads to contrac- 
tion. It may well be that these patients have lost contact 
between the dorsal motor nucleus of the vagus and 
the smooth muscle of the esophagus and that we are 
observing the activity of the enteric nervous system. 
Such corkscrew esophagus is not the same as nut- 
cracker esophagus seen in young patients. Nutcracker 
esophagus has normal transportation but an increased 
contraction pressure. Diffuse esophageal spasm (DES) 
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and corkscrew contractions differ in such a way that it 
is considered that in the DES the peristaltic contrac- 
tion obliterates the lumen, while in the corkscrew 
esophagus contraction does not obliterate the lumen. 
However, DES and curling or corkscrew dysfunction 
may be closely related. They both fall into the category 
of spastic esophageal dysfunction. 



9.8 

Gastroesophageal Reflux 

It is important to realise that gastroesophageal reflux 
disease may cause strictures in the esophagus as fre- 
quently in the elderly as in younger patients. A key 
to the diagnosis here is of course endoscopy, but also 
double contrast examination. The history taking in 
these patients must focus on other classic symptoms 
or gastroesophageal reflux (Castell 1990; Fulp et al. 
1990; Hey et al. 1982; Kikendall et al. 1983; McCord 
and Clouse 1990; Semble et al. 1989; Siebens et al. 
1986; Tucker et al. 1978). 
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10.1 

Introduction 

The intention of this chapter is to introduce a multi- 
disciplinary diagnostic work-up and, in particular, 
to present a practical and structured radiological 
approach. Swallowing disorders are common. US 
statistics indicate that more than 5% of the popula- 
tion have swallowing difficulties, in hospitals up to 
50% (Logemann 1995). 
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The swallowing tract crosses many anatomic 
regions. Liquid and solid food has to be transported 
properly from the oral cavity into the pharynx and 
through the esophagus into the stomach. Thus, a 
wide variety of diseases may affect deglutition, 
resulting in a multidisciplinary work-up of dys- 
phagic patients. Videofluoroscopy (VF) of degluti- 
tion is the method of choice to investigate the whole 
swallowing tract in a “one stop shopping” fashion. 
VF can depict pathologic findings of morphology 
and function as a basis to decide a further special- 
ized work-up. 



10.2 

Symptoms of Swallowing Disorders 

Establishing medical history is the first step in the 
investigation of patients with swallowing disorders 
to tailor the examination individually and to corre- 
late the specific radiological findings to the patient’s 
symptoms. A questionnaire helps to structure the 
patients history and should include the duration 
and onset of swallowing disorders, the pattern of 
swallowing events, the location of symptoms, the 
consistency of foods that lead to swallowing dif- 
ficulties, as well as history of aspiration, regurgita- 
tion, coughing, pneumonia and previous operations 
affecting the upper gastrointestinal tract and neu- 
rological diseases. 

For an adequate work-flow of diagnostic tests and 
therapeutic concepts the patient’s history has to be 
differentiated into practical categories. With increas- 
ing experience with this patient group the investiga- 
tor may step further into the “art and science of his- 
tory taking in the patient with difficulty swallowing” 
(Table 10.1) (Hendrix 1993). 

For the imaging specialist, the patient’s history 
guides the design of the VF examination and has to 
be integrated critically into the interpretation of the 
study. Do the VF findings or other test results explain 
the patient’s symptom? (Ekberg and Pokieser 1995). 



O. Ekberg (ed.), Radiology of the Pharynx and the Esophagus 
© Springer-Verlag Berlin Heidelberg 2004 



218 



P. Pokieser and M. Scharitzer 



Table 10.1. Suggested protocol for the evaluation of symptoms 

D Difficulty swallowing 

Y Yesterday compared with 2 years ago? 

S Solid, liquid or both 

P Pattern of swallowing events? 

H Heartburn history? 

A Area of symptoms? 

G Gradual or sudden onset? 

I Interventions? 

A Auxiliary clues such as weight loss? 



When the patient has referred her problem, questions 
should focus on the presence of the symptoms or 
syndromes discussed in more detail in the following 
sections. 



10.2.1 

Dysphagia 

Eating and drinking has to be performed without 
pulmonary compromise and serves for personal 
and social pleasure, nutrition and hydration. Any 
subjective feeling of disturbance is called dysphagia 
(Buchholz 1996). 

In oropharyngeal dysphagia the patient has 
difficulties swallowing. Isolated oral dysphagia is 
uncommon and based on neurogenic disorders or 
diminished salivary flow. Also drugs (anticholin- 
ergics, antihistaminics, antidepressants, antihyper- 
tensives, diuretics) affect salivary flow, and neuro- 
leptic drugs may slow or disrupt the oral phase of 
swallowing. 

Pharyngeal dysphagia is often described by the 
patient as a sensation of difficult passage of the 
bolus through the region of the suprasternal notch, 
most frequently caused by neuromuscular disorders 
causing weakness and/or incoordination of the stri- 
ated muscles of swallowing (Buchholz 1987). Less 
frequently structural narrowings, like a neoplasm, 
postoperative defects, Zenker’s diverticulum or a 
mucosal web are found. 

In esophageal dysphagia the material seems to 
stick along the swallowing tract, the patients may 
localize the site anywhere from the suprasternal 
notch to the epigastrium. Usually the patients 
cannot differentiate between a proximal or distal 
site of an esophageal lesion (Edwards 1974). For 
example, a Schatzki ring at the level of the esoph- 
agogastric junction or achalasia often produce 
symptoms above the suprasternal notch. Intermit- 
tent esophageal dysphagia for solid food is typi- 



cal for lower esophageal rings or strictures with a 
remaining lumen of less than 2 cm. Rapid progress 
of solid food dysphagia within 3 months is often 
found in esophageal carcinoma. If there is no sign or 
proof of aspiration, esophageal dysphagia for fluids 
only indicates esophageal motor disorders. Depend- 
ing on the severity of the motility disturbance, the 
latter can produce solid food dysphagia as well. 
Regurgitation of previously ingested food can arise 
during a meal from any cause or location, late regur- 
gitation of undigested food is typical for a Zenker’s 
diverticulum or achalasia. Complaints of sour and / 
or bitter material with heartburn is pathognomonic 
for gastroesophageal reflux (GER). Furthermore, 
gastroesophageal reflux disease (GERD) is the 
most common cause for “non cardiac chest pain”. 
After exclusion of a cardiac cause, the esophagus 
has to be evaluated. A 3 -week therapy with proton 
pump inhibitors can be an effective diagnostic and 
therapeutic approach. Odynophagia means painful 
swallowing, the pain is described as “sharp”, usually 
indicating ulcerative mucosal lesions of the phar- 
ynx or esophagus, whereas a dull or squeezing pain 
is associated with esophageal spasm. 

70.2.2.7 

Globus Sensation 

Globus is a common problem, representing about 
5% of general otolaryngologic patients. A “lump in 
the throat”, the sensation of a foreign body, sore 
throat, frequent throat clearing and fullness are 
typical complaints of these patients. Symptoms 
tend to occur intermittently. Often the symptom 
improves during eating, while a combination 
with dysphagia is frequently found. In 75% of 150 
patients with globus as the only symptom VF could 
depict pathological functional and/or morphologic 
findings, evidence of an esophageal motor disorder 
was present in 47% (Schober et al. 1995). A high 
incidence of esophageal motility disorders in this 
setting was detected by manometry in 87% (Moser 
et al. 1991). Globus sensation seems to be a symp- 
tom of laryngopharyngeal irritation, not specific to 
GERD, but in which GERD plays a role (Woo et al. 
1996). There remains an open discussion about the 
pathogenesis of globus. However, the term “globus 
hystericus” should be avoided and pharyngeal 
and/or esophageal pathologies should be ruled out 
according to the specific history. If patients with 
chest pain do not show any evidence of cardiac 
disease, the term “non-cardiac chest pain” is often 
diagnosed. 
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10 . 2.3 

Aspiration 

Aspiration is defined as the entry of liquid or food 
into the airways below the level of the glottis. Chok- 
ing and/or coughing immediately following a swal- 
low, as well as recurrent pneumonia, is suspect of 
aspiration. Silent aspiration may occur if the cough 
reflex is absent or diminished. Persons who aspirate 
are at increased risk for the occurrence of serious 
respiratory sequelae, including airway obstruction 
and aspiration pneumonia. The quantity, the depth of 
aspiration (trachea or distal airways) and the physical 
properties of the aspirate influence the effects of aspi- 
ration (Palmer et al. 2000). Aspiration can happen 
anterograde during or immediately after swallowing 
or as retrograde aspiration of gastric or esophageal 
contents. The radiologist must be aware of patients 
at risk of aspiration. The tailored VF study avoids 
severe aspiration during the examination (Jones 
and Donner 1988). 



10.3 

Multidisciplinary Evaluation 
of Swallowing Disorders 

The radiologist should be familiar with the specific 
techniques of different medical fields when investi- 
gating patients with swallowing problems. There is a 
considerable overlap in using different clinical tests 
by different clinical fields, which varies from country 
to country. We try to clarify more the clinical interac- 
tion than the borders between clinical specialties. 

General patient status includes mental and social 
function, physical mobility, as well as his/her nutri- 
tional and hydration status. 

Examination of the chest can reveal problems 
with the respiratory function related to aspiration 
or conditions in which aspiration might cause severe 
problems. The cardiovascular system has to be 
assessed for possible sources of emboli to the brain, 
impairment of the musculoskeletal system can affect 
normal mobility, and the swallowing mechanism can 
be affected by different systemic diseases, such as 
scleroderma or muscular diseases. 

The status of otolaryngologists and speech/ 
language pathologists includes a full head and neck 
examination. The neck should be evaluated for 
masses, especially for adenopathies, enlarged thy- 
roid and scars which indicate surgery on structures 
involved in swallowing. An inspection should be 
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performed of the oral cavity, cranial nerve function, 
palate, pharynx and larynx with indirect laryngos- 
copy or by fiberoptics to assess for tumours, mucosal 
integrity, vocal cord motion, pooling of secretions 
into the vallecula or the piriform sinus, as well as 
sensation and voice (Sonies 1987). Stridor is a sign 
of upper airway obstruction and may be audible 
only on auscultation over the trachea, the sounds of 
swallowing motility and the palpation of the eleva- 
tion of the hyoid and larynx are part of the dynamic 
clinical investigation. Fiberoptic endoscopic evalu- 
ation of swallowing (FEES) is a well established 
diagnostic test and enables assessment also of 
nasal, velopharyngeal, and laryngeal pathology of 
morphologic and functional changes. The flexible, 
light weighted instruments are inserted through 
the nose. Video documentation can be integrated. 
FEES is complementary to videofluoroscopy and 
the application and interpretation of results is an 
interdisciplinary task of otolaryngologists, speech/ 
language pathologists and radiologists. FEES does 
not show the entire motion of essential foodway 
structures and the bolus during swallowing, but 
can identify aspiration and pharyngeal retentions. 
Firstly, results of FEES and VF are “diagnostic stud- 
ies”. Secondly, they allow the clinician to design an 
appropriate diet and compensatory manoeuvres 
designed to improve pharyngeal clearance and 
reduce aspiration. This use of VF and FEES is called 
“therapeutic studies”, including investigations to 
test the effectiveness of therapy. 

FEES is also used by neurologists. However, the 
neurologic examination is a crucial part of the mul- 
tidisciplinary approach to dysphagic patients. Cere- 
brovascular disease, Parkinson’s disease, multiple 
sclerosis, amyotrophic lateral sclerosis, poliomyelitis, 
myasthenia gravis and dementia are examples of the 
wide spectrum of neurological disorders which may 
involve deglutition. 

Invasive treatment of the upper esophageal 
sphincter (UES) is performed by otolaryngologists, 
as well as general surgeons, and frequently used as 
therapy of Zenker’s diverticulum. Different surgical 
strategies are under continuous discussion. Myotomy 
of the UES with or without resection of the diverticu- 
lum itself, myotomy with laser or with an endoscopic 
approach are applied to restore an adequate opening 
of the pharyngoesophageal segment. 

Gastroenterologists and surgeons are specialized 
in the diagnosis and treatment of esophageal dis- 
ease. Endoscopy reveals even subtle mucosal details 
and can take biopsies for pathologic diagnosis. But 
endoscopy may overlook subtle rings or stenoses, 
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which can be passed by the endoscope, but will 
hinder larger boluses of solid food. Furthermore, 
endoscopy cannot display the topographic relation 
of stenoses to the important anatomic landmarks in 
all cases and often cannot be forwarded distal to a 
narrow stenosis. VF is helpful in such instances, pro- 
viding excellent topographic overviews, testing for 
subtle stenoses with solid bolus and examining the 
esophagus distal to stenoses. Benign and malignant 
macromorphological changes of the esophageal 
tube are detected by endoscopy and VF (Schar- 
itzer et al. 2002). In esophageal motility disorders 
VF can detect a delayed transport for liquids and 
solid food as well, complementary to manometry, 
the gold standard to diagnose esophageal motility 
disorders. Manometry can be combined with VF as 
videomanometry. This method synchronizes the 
videofluoroscopic record of the bolus transport 
and the measurements of pressures. Evaluation 
of esophageal transport and gastric emptying is 
obtained by scintigraphy. Delayed gastric emptying, 
well known in diabetic disease, may interfere with 
esophageal transport and contribute to symptoms 
like dyspepsia, epigastric fullness or heartburn. pH 
probe studies can detect pathologic gastroesopha- 
geal reflux, while VF can describe the dynamic 
appearance of the esophagogastric junction during 
and after passage of a bolus. Hiatus hernia, cardiac 
insufficiency, the esophagogastric junction after 
operations like fundoplication, myotomy, dilatation, 
gastric banding and other operations are studied 
videofluoroscopically to rule out early and late post- 
operative complications, such as stenosis, leakage 
or perforation. VF is the diagnostic test of choice 
to obtain a general overview of the whole swallow- 
ing tract, to detect macropathologic changes and 
disordered function as well. Pertinent to the clinical 
problem, a tailored VF examination can be designed 
to be the basis for other diagnostic tests or to com- 
plete their results in a complementary way. 



10.4 

Imaging of Swallowing Disorders 

10.4.1 

Technical Considerations 

Videofluoroscopy is performed with a fluoroscopy 
unit connected to a video recorder. The dynamic 
examination studies motility of the oral, pharyngeal 
and esophageal phases, whereas the spot film exami- 



nations demonstrate morphology. Any fluoroscopic 
unit that offers remote control equipment is appro- 
priate. By using the jog- wheel function the video- 
fluoroscopic study can be analysed frame-by-frame 
several times. Computer based dynamic recording on 
hard disk, DVD or CD is still under development and 
offers have to be evaluated carefully in case of inter- 
est. Continuously recording for 20 seconds seems to 
be the minimum, while cheap and easy storage of the 
examinations is mandatory. 

The introduction of digital fluoroscopy and com- 
puter-based workstations offers a higher spatial reso- 
lution and new possibilities for the interpretation by 
lower radiation exposure at the same time. Digital 
images obtained during a dynamic study can be post 
processed and transmitted more easily. 

10.4.2 

Examination Technique 

The approach as described by Ekberg and Pokieser 
(1997) is based on the patient’s history, planning the 
investigation in detail. The radiographic examination 
has to include all structures involved in swallowing, 
from the lips to the stomach. Nevertheless, it is impor- 
tant to focus the examination on specific areas. In any 
patient with a high suspicion of laryngeal or pharyn- 
geal disease, the laryngeal vestibule should be included 
in the image from the beginning. It is very common 
that the first swallow is the worst swallow and that only 
the first swallow will reveal dysfunction. 

It is certainly very important to realize that there are 
two basically different examinations of swallow. One is 
customized for the diagnosis, i.e., the search for why the 
patient has a specific symptom (diagnostic study). This 
test is basically concerned with finding that particular 
patient’s worst swallow and therefore might include 
manoeuvres for decompensation of a compensated 
swallow (Buchholz et al. 1985). This is in contrast to 
the diagnostic examination which is done when the 
dysfunction in a specific patient has been revealed. This 
test basically tries to reveal the patient’s best swallow 
and therefore always includes manoeuvres for compen- 
sation of a decompensated swallow (therapeutic study). 
It is always important to observe as many swallows as 
possible, as dysfunction maybe intermittent. Moreover, 
the benefits of therapeutic manoeuvres are notoriously 
difficult to assess. The performance of dynamic studies 
turns the investigator from a photographer into both a 
film director and camera operator. 

No special preparation is needed for the radiologi- 
cal examination of the upper gastrointestinal tract. 
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The patient is examined with his dentures or other 
oral appliances in place so that the patient’s swallow 
is as normal as possible. Nasogastric feeding tubes 
should be removed prior to the investigation, but due 
to the discomfort during reinsertion of tubes, this 
has to be decided with regard to the clinical problem. 
The patient should stand or sit on the footboard of 
the fluoroscopic table. Esophageal motility can be 
depicted best in the horizontal position, when the 
contrast material is pushed mainly by esophageal 
motility (Fig. 10.1). 

Debilitated patients can be examined on a spe- 
cially designed chair. Patients should not experience 
stress during swallowing, and the investigator has to 
care to provide a quiet and comfortable environment 
during the study. 

10.4.2.1 

The "Seven Functional Units" 

The systematic analysis procedure known from X- 
ray reporting proved to be useful for reporting film 
sequences as well. 

The radiological substrate of this analysis is the 
movements of anatomical structures that cause the 
formation and continuous propulsion of the bolus 
of contrast medium. Physiologically, the act of swal- 
lowing is divided into three phases: the oral, the 
pharyngeal and the esophageal phase. The duration 
of the oral phase may be determined arbitrarily. The 
pharyngeal phase takes less than 1 s. The esophageal 
phase takes approximately 10 s. 




Fig. 10.1. Prone oblique position: Contrast material is given by 
a straw. Abnormal structural movements may be diagnosed. 
Further misdirection or retention of a bolus can be docu- 
mented. The seven functional units may serve as a basis for 
the structured radiological report on deglutition 
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The esophageal phase is about ten times as long as 
the pharyngeal phase. 

For radiographic analysis of the act of swallowing, it 
is useful to summarise the involved anatomical struc- 
tures into seven functional units (Pokieser et al. 1995). 

The description of normal and pathological func- 
tional findings of the seven functional units of the 
act of deglutition is a simplification of the subject, 
but does include the most important clinical findings 
needed by those embarking on routine diagnosis of 
the act of swallowing (Fig. 10.1). 

10.4.2.2 

Design of Videofluoroscopic Scripts 

A standard examination of these seven functional 
units is performed by lining up various film sequences 
of the video recording of the act of swallowing and 
fluoroscopy. During the pharyngeal phase of swal- 
lowing, the functional units should be filmed in a 
stationary position, as the recording will be blurred 
and rendered unusable for study if the central beam 
is moved. During the esophageal phase, the central 
beam may follow the bolus, because the esophageal 
propulsion is relatively slow (~ 4 cm/s). 

Swallowing Disorders Without Suspicion of Aspiration 

Patients suffering from dysphagia, globus, chest 
pain or other clinical conditions related to swallow- 
ing may have no clinical symptoms of aspiration. 
These patients should swallow boluses of normal 
size and should be investigated in all standard posi- 
tions as mentioned below. The examination starts 
with films of the erect standard positions, followed 
by tests of esophageal motility in the horizontal, 
supine and prone positions. Plain films in double 
contrast technique should be added, according to 
the clinical question. Effervescent powder disturbs 
the standardized examination of the esophageal 
tube and should be given after studying the esoph- 
ageal motility in the horizontal position. The pas- 
sage of contrast material should be followed to the 
duodenojejunal junction. 

Swallowing Disorders with Suspicion of Aspiration 

The investigation is restricted to erect standard projec- 
tions, if aspiration occurs. With increasing amounts of 
contrast material, severe aspiration can be avoided by 
stopping any increase when the patient aspirates. Dif- 
ferent consistencies are applied in diagnostic studies 
pertinent to the symptom, and in therapeutic studies to 
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find out the best consistency without aspirating. This is 
best done in collaboration with a speech and language 
pathologist, who has complementary clinical informa- 
tion and interest in the therapeutic approach. 

From a systematic point of view, every film scene 
may be defined by three characteristics: First, the 
selected section for imaging and the patients stan- 




Fig. 10.2. First standard position: Overview of the lateral oral 
cavity and pharynx. In this position, the pharynx is shown 
in the largest possible section of the image in a way that the 
oral cavity and, in the caudal aspect, also the upper esopha- 
geal sphincter is included (arrow). The patient is examined 
in upright position, either standing or sitting. Usually the 
patient is turned to the right side, slightly oblique. It is useful 
to repeat this scene after turning the patient left, if stenoses 
need to be ruled out 




Fig. 10.4. Third standard position: Sometimes it is useful to 
view the oral cavity separately. In doing so, the movement of 
the soft palate during speech can be visualized. However, the 
pharyngeal phase is largely eliminated in this setting. While 
speaking, the soft palate rises up to the posterior wall of the 
nasopharynx, while the patient says “Kathy” (arrow) 



dard position; second, the selected type of contrast 
medium , and finally third, the amount of contrast 
medium. 

10.4.2.3 

Standard Positions for Videofluoroscopy 
(Fig. 10.2-10.7) 




Fig. 10.3. Second standard position: This setting shows the 
upper esophageal sphincter in the lateral view, slightly oblique 
(arrow). The upper esophageal sphincter can be evaluated 
especially well in this targeted image of the cervicothoracic 
junction 




Fig. 10.5. Fourth standard position: Frontal view of the oral 
cavity, the pharynx and the cervical esophagus. The symmetry 
of the passage has to be documented 
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Fig. 10.6. Fifth standard position. This image shows the middle 
and lower esophagus in the erect left posterior oblique position. 
It is useful to repeat this scene in the right posterior oblique 
position to obtain two different projections of the esophageal 
phase. Gravity enforces the passage of contrast material in the 
erect position. With a single act of swallowing, the passage 
through the lower esophageal sphincter is shown (arrows). 
The patient is asked to swallow just once, to hinder repeated 
superimpositions of peristaltic waves. Practical advice: about 
3 s after the pharyngeal phase in the first or second standard 
position you develop the fifth standard position, by following 
the bolus. This can be done when no abnormal findings were 
visible during the pharyngeal phase; then stop the movement of 
the central beam, when the esophagogastric junction is visible 

10.4.2 A 

Type of Contrast Medium 

We use high-density barium suspension to visualize 
the morphology and function from the oral cavity 
to the esophagus. 

Non-ionic iodinated low-osmolar or iso-osmo- 
lar water-soluble contrast material is necessary for 
patients with clinical suspicion of aspiration or per- 
foration. Hyperosmolar iodinated contrast medium 
is contraindicated in patients with suspicion of 
aspiration. In addition, solids are indicated to show 
a stricture, a solid-induced spasm or dysphagia, as 
well as for postoperative control studies. Therefore, 
a piece of bread with barium or placebo tablets 
with a 13 -mm diameter can help in the evaluation 
of solid-induced abnormalities. The use of different 
consistencies is extremely helpful in patients with 
aspiration of only liquid boluses in order to assess 
the further therapeutic and dietetic management. 
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Fig. 10.7. Sixth standard position: The esophageal passage in 
prone position allows the peristaltic wave of the esophagus to 
be visualised. Repeated in the supine position, the esophageal 
transport is visualised in a different way. Hernias, rings and 
other findings are often seen in one position only - prone 
or supine. The cranially V-shaped peristaltic wave (arrow) 
is followed downwards from the top. As advised for the fifth 
standard position, you may follow the peristaltic wave with the 
central beam. The central beam should not be moved, during 
visualisation of the dynamic movements of the esophagogastric 
junction 



10.4.2.5 

Amount of Contrast Medium 

The normal amount of a single swallow of an adult 
patient is about 15 ml. However, a healthy adult 
can manage liquid boluses up to 50 ml and more. 
The amount of contrast material should be varied 
according to the individual capabilities. The exami- 
nation includes up to ten swallows of 15-30 ml of 
liquid barium sulfate. In the beginning, the amount 
of contrast media is 15 ml. In cases with suspected 
aspiration it is lessened to 3 ml for the first swallow. 
If this bolus volume is tolerated, the bolus size should 
be increased to 5 ml and up to 15 ml. 

The contrast medium can be applied in many dif- 
ferent ways, according to the abilities of the patient. 
Cups, drinking bottles, spoons or straws may suite. 
The best way to administer contrast material orally 
can be designed by the feeding history and the clini- 
cal presentation of the patient. 
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10.4.3 

Reporting on the Seven Functional Units 
of Swallowing 

The basic principles of the functional physiology and 
pathology of swallowing constitute the actual radio- 
logical basis for reporting videofluoroscopy. 

The seven functional units are a radiological 
approach based on the dynamic radiological infor- 
mation (Fig. 10.8). 

Often there are several functional disorders of the 
same functional unit in a single patient. Countless 
combinations of findings occur, but typical “pat- 
terns of findings” are to be observed. Step by step 
the seven units may be analysed for malfunction. 
The movements of the visible anatomical structures 
are the basis of the analysis, the passage of the bolus 
displays, whether the function of the swallowing tract 
is adequate for the given amount and material. Each 
unit represents an area, where the investigator can 
focus the analysis easily. Videofluoroscopy shows just 
a part of the complex structures below the barium 
coating. The strength of the method is the ability to 
see the entire swallowing action simultaneously with 
its effect on bolus transport. 

10.4.3.1 

Tongue - Oral Cavity 

Normal Function of the Tongue (Fig. 10.9) 



Incompetent Bolus Manipulation. An incompetence 
to manipulate the bolus summarizes many different 
dynamic findings (Fig. 10.10). The inability of the 
tongue to hold the bolus on its upper surface, frag- 
mentation of the bolus, uncoordinated movements 
like tremor or undulations may be visible. When lip 
closure is insufficient and material runs out over the 
lips, this is called “drooling”. 

Weakness of the Tongue. Weakness of the tongue is 
often combined with pharyngeal weakness, retention 
in the valleculae can be caused by both, and overlaps 
cannot be differentiated (Fig. 10.11). 

When weakness of the tongue is present, a high 
consistency of the contrast material proves to be 
more sensitive, like barium paste or bread with 
barium. Water soluble contrast material can be pro- 
pelled more easily, thus masking a weakness of the 
tongue. 

Incompetent Tongue-Palate Seal. Incompetence of the 
apposition of the soft palate and the tongue leads to 
leakage of the bolus into the oropharynx (Fig. 10.12). 
Weakness or postoperative defects of the tongue, the 
soft palate or both can cause this functional deficit. 
The differentiation between leakage and late trigger- 
ing of the involuntary swallow can be difficult, when 
the oral transit time is short. This might be the case 
when the patient reclines the head to compensate 
difficulties of the oral transport. 




2. SOFT PALATE 



L TONGUE - ORAL CAVITY 



3. EPIGLOTTIS 



S PHARYNGEAL CONSTRICTORS 



4. HYOID / LARYNX 



6. PE- SEGMENT 



10SEC 



Z ESOPHAGUS 



Fig. 10.8. This graph demonstrates the seven functional units of swallowing. Within 1 s six of the units complete the pharyngeal 
stage of swallowing - then the esophagus bridges the long distance through the mediastinum to the stomach. A complete barium 
swallow of about 15 ml should reach the stomach within 10 s 
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Fig. 10.9a-c. a The oral phase is started by the intake of a 
beverage or the ingestion of food into the oral cavity. The lips 
close and seal the oral cavity anteriorly. To form the bolus, the 
substance is first loaded on the dorsum of the tongue. This 
process is under voluntary control. In this process, the tongue 
and soft palate together seal off the posterior part of the oral 
cavity (arrows), b When the involuntary act of deglutition is 
started, the tongue performs a wave-like movement and presses 
the manipulated bolus along the hard palate backwards into the 
pharynx, c Only the barium coating remains in the oral cavity 





Fig. lO.lOa-c. a This 75-year-old woman with cerebral ischae- 
mia cannot control the bolus in the oral cavity, b The oral tran- 
sit is achieved by inclining the head backwards. This causes 
some blurring and the spatial resolution is reduced. Only 
minimal amounts of material are transported. Aspiration 
occurs (arrow), c Contrast material has pooled in the lower 
oral cavity beneath the anterior parts of the tongue. Minor 
aspiration after the swallow (postdeglutitive) has occurred, 
and there is pooling in the valleculae (arrow) 
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Fig. 10.1 la-c. a An 81-year-old lady suffers from Parkinson’s 
disease. She has already aspirated material from previous 
swallows. Pooling in the valleculae is present, b The tongue 
fails to reach the hard palate and cannot propel the whole 
bolus into the oropharynx. Dorsal excursion of the tongue 
appears to be limited (arrow), c Barium mixed with mucus 
remains stuck to the hard palate and the tongue. Retentions 
in the valleculae have increased 




Fig. 10.12. In this 69-year old patient with cerebral ischaemia, 
the dorsal closure of the oral cavity is disturbed and contrast 
medium prematurely passes into the pharynx - so-called 
“leaking” 
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10.4.3.2 
Soft Palate 

Normal Function of the Soft Palate (Fig. 10.13) 
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Fig. 10.13a-c. a Before the act of swallowing, the soft palate, 
in conjunction with the tongue, seals off the oral cavity dor- 
sally (arrow), b During the pharyngeal phase the soft palate is 
raised to a right angle and tightens the oropharynx together 
with the posterior wall of the pharynx (arrow). The latter is 
called Passavant’s cushion at this level, where the pharyngeal 
wall converges to the soft palate. Thus, food particles are 
prevented from entering the nasopharynx. One can test the 
elevation of the soft palate towards the posterior wall of the 
pharynx by having the patient utter words with a “k”, for 
instance, “Kathy”, c After the act of swallowing, the soft palate 
returns to its original position 



a) Incomplete Elevation (Fig. 10.14) 




Fig. 10.14. In this 55-year-old patient with myasthenia, 
elevation of the soft palate is disturbed. A gap of air remains 
between the posterior wall of the pharynx and the soft palate 
(arrow) when the patient utters “k” 



b) Insufficient Velopharyngeal Closure (Fig. 10.15) 
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Fig. 10.15. This 53-year-old woman who had undergone sur- 
gery for a carcinoma of the right tonsil has a defect in the 
dorsal soft palate, which causes regurgitation. During swal- 
lowing spillage of contrast material into the nasopharynx can 
be observed. Contrast material has penetrated into the larynx 
(arrow ). The soft palate is shortened and deformed postopera- 
tively. Aspiration has occurred 
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10.4.3.3 
Epiglottis 

Normal Function of the Epiglottis (Fig. 10.16) 

Incomplete Epiglottic Tilt. An incomplete epiglot- 
tic tilt is almost always combined with retentions 
in the valleculae, and often with hypopharyngeal 
retentions and numerous other disturbances of the 
pharyngeal phase (Fig. 10.17). Tumours, swelling 
after radiation or in inflammatory diseases such as 
epiglottitis, and postoperative structural deficits up 
to total resection should be considered. 

10.4.3.4 

Hyoid and Larynx 

Normal Function of the Hyoid and the Larynx 
(Fig. 10.18) 



Poor Elevation. Tracheostomy, pharyngeal or laryngeal 
resections, radiation therapy or muscular weakness are 
common causes of poor movements of the epiglottis 
and the larynx (Fig. 10.19). Over time, this condition 
contributes to pharyngeal retentions and aspiration. 

The next four functional disorders are related 
to insufficient protection of the respiratory tract, 
namely penetration of contrast medium into the 
larynx and the three basic forms of aspiration into 
the trachea: pre-deglutitive, intra-deglutitive and 
post-deglutitive aspiration. 

Penetration. After penetration, we will look at the 
basic forms of aspiration. The terms pre-, intra- 
and post-deglutitive refer to the involuntary act of 
swallowing and the rapid, automatic motion of the 
larynx, hyoid and pharynx. Thus, aspiration may 
occur before, during or after the rapid swallowing 
movement (Fig. 10.20). 





Fig. 10.16a-c. a The epiglottis is usually seen even without 
contrast medium, in the lateral view of the pharynx (arrow). 
b The epiglottis should tilt below the horizontal plane. The 
complete tilt can be seen as a small longitudinal structure 
at the end of the bolus passage (arrow ). c Even healthy indi- 
viduals with a good swallowing function occasionally reveal 
asymmetrical tilting of the epiglottis. In frontal views, one side 
tilts more deeply than the other (arrows). Unilateral muscular 
weakness can cause the same finding, but is often combined 
with abnormal radiological findings or other clinical signs of 
swallowing impairment 
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Fig. 10.17a-c. a, b Incomplete epiglottic tilt (arrow), c This 
is combined with retention in the valleculae and piriform 
sinuses (arrows) 





Fig. 10.18a-c. a The hyoid bone and the air column in the lateral 
projection. The hyoid is visible as a bony structure, while the 
larynx is represented by an air column (arrows), b To protect 
the respiratory tract, the hyoid and larynx move cranially and 
ventrally at the beginning of the involuntary act of swallowing 
(arrow). The elevation of the larynx is visible fluoroscopically. 
It has to be emphasised that the pharyngeal muscles are elevat- 
ing simultaneously, almost invisible for videofluoroscopy, c The 
opening of the larynx is tightly closed during the movement of 
the larynx, the air column of the trachea is visible up to the hori- 
zontal end at the level of the vocal cord (arrow). During eleva- 
tion, the hyoid and larynx come closer to each other. The upward 
movement of the larynx can be measured as an approximation. It 
varies widely individually and with the volume of the bolus. If the 
elevation is less than 1 cm it can be described as abnormal. The 
height of a cervical vertebral body represents another approxi- 
mation to estimate the minimum of laryngeal elevation 









Early Intradeglutitive Postdeglutitive H Predeglutitive 
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Fig. 10.19a-c. a In this 45-year-old man who underwent resec- 
tion of a tumour of the pharynx, retentions of contrast mate- 
rial in the hypopharynx from previous swallows are present, 
b The larynx rises very slightly, less than 1 cm and not even 
50% of the height of a cervical vertebral body (arrow), c After 
the swallow, some drops of contrast material have entered 
the larynx 





Fig. 10.20a-c. a A 65-year-old man after a mild stroke. The 
opening of the larynx closes too late or in an incomplete 
manner. In this case contrast medium enters the subepiglottic 
space (arrow). It may penetrate deeper into the supra-glottic 
space (arrowhead), b When this relatively mild disorder of 
closure is present, most of the material that enters is pressed 
back into the pharynx from the larynx (arrow), c Postdegluti- 
tivly only the subepiglottic space is marked (arrow) 












The Clinical and Radiological Approach to Dysphagia 

Pre- deglutitive Aspiration (Figs. 10.21, 10.22) 

Intra- deglutitive Aspiration. The second important 
timing of aspiration is intra-deglutitive aspiration, 
which occurs during the rapid involuntary act of 
swallowing (Fig. 10.23). 

Post-deglutitive Aspiration. The third basic form of 
aspiration is post-deglutitive aspiration after the 
involuntary act of swallowing. This form of aspiration 
occurs during incomplete swallowing, which causes 
retention in the pharynx (Fig. 10.24). Frequently, it is 
due to weak pharyngeal muscles. 

Severity of Aspiration. An important aspect of the 
evaluation of aspiration is its severity. Video cin- 
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ematography can be quite valuable here. However, it 
should be mentioned that any decision with regard 
to prognosis and therapy can only be made by taking 
all clinical data into account. 

The simple gradation described in Fig. 10.25 is 
helpful for reporting the severity of aspiration. Sev- 
eral examples of intra-deglutitive aspiration of vari- 
ous grades of severity are also given in Fig. 10.25. 

When the coughing attack has subsided or is 
entirely absent, this always signifies a high grade of 
aspiration and a great likelihood of broncho-pulmo- 
nary complications. 

At the end of an examination, the bronchial tree 
should be documented with chest films or fluoros- 
copy. This facilitates an estimate of the depth of aspi- 
ration and the amount of aspirated material. 




Fig. 10.21a, b. a This 62 -year-old man who experienced a stroke clearly aspirates before the involuntary act of swallowing, as 
the swallowing act starts too late and contrast medium has entered the larynx long before the initiation of swallowing (arrow). 
b Mild aspiration of some drops of water-soluble contrast medium is visible. There is an incomplete epiglottic tilt and reten- 
tions in the valleculae 
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Fig. 10.22a-c. a Frontal view of a 64-year-old man with frac- 
ture of the skull base and cerebral haemorrhage shows pre- 
mature leakage and pooling of contrast material in the right 
piriform sinus (arrow), b Barium enters the larynx and the 
trachea before the involuntary swallow (arrows), c Intradeglu- 
titive pharyngeal propulsion in the frontal projection when 
the patient tries to clear the retentions with repeated swallows 
(arrows). Less than 10% of the bolus was aspirated before the 
involuntary swallow 





Fig. 10.23a-c. a This 77-year-old woman after laser resection 
of a laryngeal carcinoma, presents with a competent seal of 
the oral cavity dorsally before swallowing, b The postop- 
erative defect causes an insufficient closure of the larynx and 
more than 10% of the swallowed contrast medium is aspi- 
rated during the pharyngeal phase, c The aspirated contrast 
medium has reached the bronchial tree. Thus, after the swal- 
low only small amounts are visible in the trachea 
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Fig. 10.24a-c. a A 55-year-old man after a stroke in frontal pro- 
jection. Pharyngeal retentions in the valleculae and piriform 
sinuses are present. There is an intense coating of the pha- 
ryngeal walls. Aspiration from previous swallows is present, 
b Reduced movements of the lateral pharyngeal walls cannot 
propel the whole volume of 15 ml through the pharyngeal 
tube, c After swallowing aspiration occurs (arrow), caused by 
retentions in the piriform sinuses. The retentions have over- 
flown the laryngeal entrance, which has opened and moved 
caudally in the resting phase 





Fig. 10.25a-c. a First, a slight grade I aspiration. This means 
that a few drops of contrast medium are aspirated, b Second, 
a moderate intradeglutitive aspiration, grade II. As far as can 
be seen, no more than 10 % of the bolus has been aspirated, 
c Third, a massive grade III aspiration with an aspirated 
volume of far more than 10% of the ingested bolus 
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10.4.3.5 

Pharyngeal Constrictors 

Normal Function. The fifth functional unit includes 
the activity of the pharyngeal constrictors. 

The pharyngeal wave of contraction starts at the 
level of Cl in lateral projection (Fig. 10.26). Here it has 
advanced up to C2-C3. The rapid upward movements 
of the hyoid and larynx also take place at the beginning 
of the involuntary act of swallowing. As the voluntary 
act smoothly passes into the involuntary one, the phys- 
iological beginning may be difficult to determine. In 
the normal act of swallowing, there should always be 
a rapid and continuous passage through the pharynx 
as soon as the angle of the jaw has been passed or the 
valleculae have been reached (Fig. 10.27). 

Delayed Swallowing Reflex. Delayed triggering of the 
involuntary act of swallowing is an important and 
common finding (Fig. 10.28). Delay occurs when the 
contrast medium has reached the level of the vallecu- 
lae before the involuntary act of swallowing is trig- 
gered. Predeglutitive aspiration may be present, when 
the closure of the laryngeal vestibule is also delayed. 
Several swallows can show a different length of the 
delay. Often, the delay is worst in the first swallow and 
may improve during the examination. An approxi- 
mated simple measurement can be obtained with the 
time code of the video recorder or software, by count- 
ing the frames from the moment when the contrast 
material passes the angle of the jaw until involuntary 
swallow has started. It is clinically useful to count in 
steps of 0.5 s. Delays from 0.5 s up to 3 s are frequent 
in neuromuscular disorders. The swallowing reflex 
is absent if the reflex does not trigger for 30 s. 

Symmetric Weakness of the Pharynx. The second 
important functional disorder of this functional unit, 



the pharynx, is weakness. It is present when residues 
of contrast medium remain in the piriform sinuses 
and the valleculae after swallowing. 

The coating of the pharyngeal walls differs with 
the viscosity of contrast medium. Thus, the high 
viscosity of barium paste facilitates the detection of 
pharyngeal weakness (Figs. 10.29, 10.30). 

Asymmetric Pharyngeal Weakness. In the case of 
pharyngeal weakness it is important to distinguish 
between unilateral or mainly unilateral pharyngeal 
weakness and a bilateral symmetric pharyngeal 
weakness, as the therapeutic alternatives differ. 

The frontal view is most suitable for radiographic 
diagnosis of a unilateral pharyngeal weakness, while 
in oblique views asymmetric retentions can be seen 
with some experience (Fig. 10.31). 

Pharyngocoeles. Pharyngocoeles are usually harmless 
small out-bulgings of the pharyngeal wall which may 
become symptomatic when they trap ingested food, 
which can cause mucosal irritation. Small pharyngo- 
coeles without retentions are common and harmless 
(Fig. 10.32). In rare cases they can be enormously big 
(trumpeter). 

Space-Occupying Masses. Even large cervical osteo- 
phytes can be compensated without severe symp- 
toms. A cerebrovascular accident may lead to a 
decompensation in such cases. It is often very difficult 
to decide whether a resection of the osteophytic mass 
could improve a patient’s swallowing function or not 
(Strasser et al. 2000) (Fig. 10.33). 

Space-occupying masses may markedly hinder 
the pharyngeal passage (Fig. 10.34). Seldomly pha- 
ryngeal or laryngeal tumours are detected by video- 
fluoroscopy or spot films, in symptomatic patients, 
endoscopy is usually performed first. 



Postdeglutitive H Intradeglutitive 
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Fig. 10.26a-c. a The right time point at which the pharyngeal 
contraction starts is very important for a physiological swal- 
lowing act. If the contrast medium has passed the angle of 
the jaw or has reached the valleculae, the involuntary act of 
swallowing should be started (arrow), b In the lateral view, 
the onset of pharyngeal wave of contraction can be seen as 
an indentation (arrow), which descends rapidly during the 
propulsion of the bolus, c After the passage, there should only 
be a coat of contrast medium in the valleculae and the sinus 
(arrow), but no residues with fluid levels 




Fig. 10.27a-c. a In the frontal view the pharyngeal walls are delineated lateral convex without retentions in the piriform sinuses 
(arrows), b The lateral pharyngeal walls should move rapidly towards medial, with a symmetrical movement (arrows), c In the 
late intradeglutitive phase the bolus is squeezed out of the pharynx (arrows) 
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Fig. 10.28a-c. a This 86-year-old man after a stroke has mark- 
edly delayed triggering. After the contrast medium enters the 
pharynx, the piriform sinuses (arrow) are filled before the 
involuntary act of swallowing starts, b Intradeglutitive phase 
of the same patient, c Retentions in the valleculae and in the 
hypopharynx after the swallow indicate pharyngeal weakness; 
no aspiration occurred 





Fig. 10.29a-c. a This 66-year-old woman with dermatomyosi- 
tis has a high-grade pharyngeal weakness. Before the swal- 
low, the bolus is controlled on the back of the tongue, b In 
the late intradeglutitive phase a bolus of 15 ml is separated 
in two parts (arrows). The weak stripping wave is not able to 
propel the whole bolus into the esophagus, often also com- 
bined with a weak tongue movement. Meanwhile, a part of 
bolus has entered the cervical esophagus. Drops of contrast 
medium have penetrated into the laryngeal vestibule, c Also 
note the aspiration from retentions after the involuntary swal- 
low - postdeglutitive aspiration (arrow) 
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Fig. 10.30a-c. a Same patient as in Fig. 10.30 in the frontal projection. Symmetric retentions in the piriform sinuses are present, 
a fluid level at the laryngeal entrance indicates the potential of postdeglutitive aspiration, contrast material has already entered 
the larynx (arrows), b Smaller retentions after a second swallow, which was performed by the patient to clear the hypopharynx 
from retention, c A third swallow succeeded, only slight retention remained, no more material had penetrated into the larynx 






Fig. 10.31a-c. a Ten years before the examination, this 62-year-old woman was operated and radiated on the right side for a 
floor-of-the-mouth carcinoma. Delayed triggering of the swallowing reflex is present. Contrast material runs over the valleculae 
into the discrete dilated right piriform sinus (arrow), b During swallowing the bolus passes over the right side, bulging out 
(arrow) the weak lateral pharyngeal wall. Ipsilateral the pharyngoesophageal sphincter is visible as a lateral cricopharyngeal 
bar (arrowhead), c After swallowing one sees the asymmetric or unilateral retention on the right - on the operated side 
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Fig. 10.32. A small pharyngocoele on the left side in an 
asymptomatic patient. On the left side the pharyngocoele has 
evaginated (arrow) 





Fig. 10.33a-c. a This 63-year-old man has pronounced ventral 
spondylophytes narrowing the pharynx at the level of the 
laryngeal entrance (arrows), b During the swallow the epi- 
glottic tilt is hindered (arrow), c After swallowing some drops 
were aspirated from moderate retentions (arrow) 
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Fig. 10.34a-c. a A further example of a pharyngeal space- 
occupying mass - here we see a recurring tumour of the 
hypopharynx in a 48-year-old man. The first scene shows 
broadening of the dorsal pharyngeal soft tissues in a lateral 
view (arrows), b In the frontal view one sees the tumour as a 
structure with irregular margins, in the right portion of the 
hypopharynx. The passage of the bolus is directed over the 
left side (arrows), c Retentions in the pharynx and a moder- 
ate postdeglutitive aspiration are present in lateral projection. 
The epiglottis is thickened (arrow) by tumour infiltration. The 
same appearance of a swollen epiglottis is found in epiglot- 
titis, for example, postradiation in adults or of infectious 
origin in children 



10.4.3.6 

Pharyngoesophageal segment 

Normal Function. We will now discuss the sixth func- 
tional unit of the swallowing act, namely the pharyngo- 
esophageal sphincter or segment (PE segment). It is 
closed by its resting pressure between swallowing 
acts. Thus, it can be identified videofluoroscopically 
between the air column of the pharynx at rest and 
the air in the cervical esophagus. The PE segment 
consists of oblique parts of the inferior pharyngeal 
constrictor muscle, the cricopharyngeal muscle and 
parts of the cervical esophagus (Fig. 10.35). 

Cricopharyngeal Bar. There are conflicting opinions 
about the percentage of narrowing allowing the diag- 
nosis of a sphincter disorder, but more than 20%-30% 
seem to be pathological. Three different patients with 
varying degrees of incomplete opening of the upper 
esophageal sphincter are shown in Fig. 10.36. 

In the case of mild dyskinesia, the dorsal indentation 
of the barium is discrete. The indentation of a crico- 
pharyngeal bar may occur at various points of time the 



passage of contrast medium. Furthermore, the indenta- 
tion may be present for a varying period of time. 

Gaping of the PE Segment. In cases of severe neu- 
romuscular disease, the upper esophageal sphincter 
may reveal a gap, resulting from weakness. The 
resting pressure is no longer sufficient to close the 
sphincter (Fig. 10.37). 

Web. The next is a morphological finding that is best 
seen on dynamic recordings. So-called membrane 
flaps or webs are solitary or multiple thin mucous 
membranes, most frequently located in the anterior 
wall of the upper esophageal sphincter. They are usu- 
ally seen briefly on a few images (Fig. 10.38). 

Zenker's Diverticulum. In the region of the pharyngo- 
esophageal junction we find the clinically significant 
Zenker’s diverticulum, which may substantially hinder 
bolus passage, depending on its size (Fig. 10.39). 

Small Zenker’s diverticula or pseudodiverticula 
in combination with a sphincter dyskinesia may also 
cause complaints (Fig. 10.40). 
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Fig. 1 0.35a, b. a When the contrast bolus reaches the level of the PE segment, the dorsal pharyngeal wall should have smooth 
margins, because the sphincter relaxes. A slight wave-like margin is normal - it is caused by the intervertebral disks (arrows). 
b After the passage of a normal sized bolus no residuals should be left in the pharynx, only coating of the pharyngeal and 
pharyngoesophageal wall is seen. Radiographically, a posterior indentation at the pharyngoesophageal junction during bolus 
passage indicates the level of the cricopharyngeal muscle, but may be seen also when the PE segment is closed (arrow) 





Fig. 10.36a-c. a A 45-year-old woman with globus sensation and 
mild reflux disease for 3 years. The functional appearance of the 
sphincter is abnormal. There is a dorsal, rounded impression of 
the column of contrast medium at the level of the PE segment, 
representing a moderate cricopharyngeal bar with a narrowing 
of 30% (arrow), b A 63-year-old man with dysphagia. Marked 
dysfunction of the PE segment, a cricopharyngeal bar shows 
60% narrowing (arrow), c Extreme incomplete opening. We find 
two indentations in terms of a double sphincter, which can be 
found in various neuromuscular disorders. This 78-year-old 
woman suffers from a muscular dystrophy 
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Fig. 10.37. In this 55-year-old woman with mixed connective 
tissue disease, the PE segment remains open during all the 
three phases of swallowing. In addition, one always finds a 
weakness of the pharynx and retentions ( arrows ) in such 
patients 





Fig. 10.38a-c. a This 38-year-old man suffers from a globus 
sensation. Small web located ventrally in the lower PE seg- 
ment (arrow). The web is only visible for parts of a second. 
The small membrane flap will hardly hinder the passage, yet 
is an indirect indication of other accompanying functional 
disorders, b Typical venous plexus at the postcricoid level. This 
normal dynamic appearance of an inconstant irregularity must 
not be misdiagnosed as a web (arrows). Webs are always thin 
and sharply delineated. This differentiates them from the ret- 
ro cricoid venous plexus, which shows normal, movable, round 
mucosal folds, c This 81 -year-old man with dysphagia for solids 
has a circular web with a marked jet phenomenon. The obstruc- 
tion by a web may accelerate the flow after the narrowing. This 
functional finding is known as the “jet phenomenon” 
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Fig. 10.39a-c. a A 77-year-old woman with high-grade dys- 
phagia for solid and liquid foods. Here we see a constant Zenk- 
er’s diverticulum, a little more than 2 cm in size. Even without 
contrast medium it can be detected by a small air bubble in the 
dorsal soft tissues of the pharynx (arrow), b Despite its small 
size of 12 mm, this diverticulum (arrow) causes a compression 
of the gastrointestinal pathway and hinders the bolus passage, 
c After swallowing a constant 12 mm diverticulum is left 




Fig. 10.40. This 73-year-old woman with massive dysphagia has 
a Zenker’s diverticulum approximately 4 cm in size, seen on lat- 
eral view. Very large Zenker’s diverticula are usually visualised 
as obstructions of passage even on ordinary static images. On 
dynamic images, we see here an incorrect esophageal pathway - 
displayed by the characteristic ridge between the diverticulum 
and the esophagus. The point of entry into the diverticulum 
(white arrow) is markedly wider than the esophageal pathway 
(black arrow). Besides, the latter is compressed by filling of the 
diverticulum 
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10.4.3.7 

Esophagus 

Normal Function. The esophagus, the seventh func- 
tional unit, is very different from the others. The 
esophageal passage takes about 10 s - about ten 
times the duration of the pharyngeal passage. The 
examination technique is also different, as one moves 
the device along with the slow peristaltic wave of the 
tubular esophagus from cranial to caudal. The device 
is kept stationary only at the beginning and the end 
of the esophageal passage. The analysis is focussed 
on the dynamic movements of the esophageal walls 
(Figs. 10.41, 10.42). 

Delay of Transport in the Erect Position. One should keep 
in mind, that pseudo achalasia [tumour stenosis of the 
esophagogastric junction (EGJ)] cannot be differenti- 
ated videofluoroscopically from achalasia with certainty 
- endoscopy has to be performed (Figs. 10.43, 10.44). 

Delay of transport in the Horizontal Position. The 
most frequent passage disorder is delayed esopha- 
geal transport in prone or supine position. In oblique, 



prone RAO position, a single swallow of 10 ml is par- 
tially transported (Figs. 10.45, 10.46). 

Non-propulsive Contractions. Non-propulsive or ter- 
tiary contractions are more or less strong constrictions 
of the esophagus that occur in addition to the wave 
of contraction (Fig. 10.47). They are usually combined 
with a proximal escape or a support level. 

Esophageal Stenoses. Stenoses of the esophagus, 
which are usually easier to diagnose on dynamic than 
on static X-ray images, can be tested for their diam- 
eters (Fig. 10.48). Placebo tablets of 13-15 mm diam- 
eter allow an exact measurement of the esophageal 
width. Furthermore, the tablet may produce symp- 
toms which reproduce the patient's complaints. 

If standard boluses of 10 ml do not obtain a clear 
delineation of the EGJ, about 150 ml of very thin barium 
can be applied by a straw - in the horizontal position. 
The patient may be advised to swallow repeatedly. This 
causes intradeglutitive inhibition of the peristaltic waves 
and the esophagus starts to fill up in monocontrast. This 
can help to diagnose subtle stenoses and rings as an 
adjunct or alternative to a placebo tablet (Fig. 10.49). 




Fig. 10.41a-c. a Left oblique projection of the lower esophagus before the esophageal phase, b At 2 s after initiation of the pha- 
ryngeal swallow. It is important here to observe the timely, rapid emptying that occurs; 10 ml of barium should be able to pass 
immediately. The esophageal passage in standing position takes place much faster than that in horizontal position - because of 
gravity, c At 2.5 s later, the bolus has passed. This is normal when the bolus passes slowly through the esophagogastric junction. 
However, “10 ml barium - 10 seconds” is a basic approximation of normal esophageal transport, in the erect and horizontal posi- 
tion (Schima et al. 1992). If the bolus takes between 5-10 s, a fluid level occurs for this short time span as a normal finding 






Fig. 10.42a-c. a A normal esophageal passage in right prone anterior oblique position with the left shoulder raised. At the begin- 
ning of the esophageal phase a cranially V-shaped upper end of the bolus (arrow) defines the peristaltic contraction, which 
pushes the bolus caudally at a speed of 4 cm/s. Additionally, this view provides excellent delineation of the PE segment during the 
pharyngeal phase, b The bolus is followed through the middle third of the esophageal tube. Small residues of contrast medium 
that remain at the level of the aortic arch after the passage are normal (arrow). Radiologically detectable motility disorders are 
mainly depicted in terms of delayed passage, abnormal wall movements and structural lesions. Delayed passage is by far the 
most common radiological functional finding in the upper gastrointestinal tract, c 10 ml of barium suspension are transported 
into the stomach at the end of the esophageal phase 






Fig. 10.43a-c. a This 65-year-old woman suffers from achalasia of the lower esophageal sphincter. At 2 s after the pharyngeal phase, parts 
of the bolus reach the esophagogastric junction, b At 8 s after onset of swallowing, a little fluid level remains above the esophagogastric 
junction (EGJ). c The passage of 10 ml of barium takes more than 40 s in this case. The persistent fluid level in the distal esophagus, which 
is characteristically seen with the patient in standing position, moves up and down without completing the passage. This radiographic 
sign is also known as a “support level”. To establish a delayed esophageal transport in the erect position is a “must” when the esopha- 
gus is examined. Many patients with a symptomatic achalasia without a marked dilatation of the tube like in this case, are reported as 
normal, since this valuable sign is not known by many radiologists. A manometry should be performed in such cases 
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Fig. 10.44a, b. a This 78-year-old man suffers from achalasia. In severe achalasia a support level persists during the entire 
examination. Only small quantities of contrast medium are able to pass through a beak like esophagogastric junction. In this 
case we also see strong non-prop ulsive contractions - a further important functional finding (arrows), b If the dilatation of 
the esophagus is severe (arrows), the diagnosis of achalasia is almost always reported on simple esophagrams. Note the inho- 
mogeneous appearance of the material within the massively dilated esophagus. This is due to undigested food, which did not 
pass into the stomach 




Fig. 10.45a-c. a In this 65-year-old woman with achalasia we have already seen the support level (see Fig. 10.44) while standing. 
In prone position, the contrast medium is initially transported, b Having reached the EGJ the contrast medium now flows back 
in a proximal direction, because the esophageal contraction is too weak to propagate 10 ml of barium. This indirect sign of 
reduced contraction strength is known as “proximal escape”, c The contrast material has reached the upper esophageal sphinc- 
ter. Contrast medium has flown back to the upper esophageal sphincter. In gastroesophageal reflux or even as a side effect of 
various medications, one frequently finds a motility disorder of the esophagus 
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Fig. 10.46a-c. a This 66-year-old patient after a bypass operation takes several different medications for his heart and suffers 
from reflux with mild dysphagia since a long time. The esophageal passage in prone position has already started, b The bolus 
is segmented (arrow), the upper part of the bolus is left by weak esophageal contraction, c After the incomplete clearing of the 
bolus, the esophageal tube is filled with the contrast material, which had escaped proximally to the weak descending wave of 
primary peristaltic contraction 




Fig. 10.47a-c. a This 53-year-old man who has suffered from severe dysphagia for solids for several years has entirely constrict- 
ing, non-propulsive contractions. Three seconds after the onset of the pharyngeal swallow, between the non-propulsive contrac- 
tions, round segments of the tube do not contract (arrows), b Two seconds later the non-propulsive contractions have separated 
the non-contracting segments - “cork screw” or “rosary bead” esophagus are well known, but are non-specific descriptions of 
this severe kind of esophageal motor disorder. Manometry is the gold standard to classify motor disorders of the esophagus, 
c Three seconds later, the esophagus shows smooth margins again. In patients with long-lasting motor disorders, the non-pro- 
pulsive contractions may be shown constantly during all phases of swallowing 
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Fig. 10.48a-c. a A 55-year-old woman with dysphagia and a carcinoma of the proximal esophagus. An endoscope could not be 
advanced, videofluoroscopy was the first diagnostic test. Note that the carcinoma is invisible at the early esophageal phase, b For 
only 0.5 s, the narrow malignant stenosis is depicted clearly (arrows), c Some frames later, the lesion is obscured. The dynamic 
investigation is especially advantageous in this setting, the lower spatial resolution of videofluoroscopy is compensated by the 
extraordinarily useful time resolution, when esophageal stenosis has to be diagnosed. At a frame rate of 3-4 spot films per second, 
digital recording proves to be an alternative technique for structural lesions, but not for dynamic evaluation of motility 




Fig. 10.49. The most common stenosis of the esophagus is the Schatzki ring. A typical Schatzki ring in a 30-year-old man with 
dysphagia for solids (arrow). The ring is located exactly at the gastroesophageal junction and is nearly always combined with 
a hernia (arrowhead). It is crucial to investigate the patient prone and supine, since rings and hernias of the EGJ may be seen 
in prone or supine position only. The Schatzki ring acts as a diaphragm and can cause impaction of solid food. During bolus 
passage the ring is only visible for a second or two, depending on the bolus volume 
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Esophageal Diverticula. Diverticula of the upper 
digestive tract are an important diagnosis (Fig. 10.50). 
Whereas the Zenker’s diverticulum may be easy to 
diagnose, the mid-esophageal and epiphrenic diver- 
ticula can be obscured by severe non-propulsive 
contractions. The esophageal tube above and below 
a mid- esophageal diverticulum shows invariably a 
delayed esophageal transport and non-propulsive 
contractions. Incidentally, mid-esophageal diverticula 
may be found in non-dysphagic elderly people. It is 
crucial for further treatment, regardless of whether 
food impaction at the level of the diverticulum is pres- 
ent or not. Furthermore, it is important to note that 
epiphrenic diverticula are almost always combined 
with achalasia of the lower esophageal sphincter. 

Esophagogastric Junction. In 80% of patients with 
reflux disease a hiatal hernia is present, but only 50% 
of patients with hernia suffer from reflux disease. The 
radiographic diagnosis of a small hiatal hernia is 
not of specific clinical importance, nevertheless, the 
radiographic examination of the esophagogastric 



junction is the method of choice to obtain pertinent 
topographic information (Figs. 10.51-10.54). 

The radiologic contributions to suggest reflux dis- 
ease by means of functional observations, like reflux 
or the dynamic appearance of the EGJ are controver- 
sial. This chapter does not intend to discuss provoca- 
tive tests for reflux, like the water-siphon test. Selected 
observations of authors, who had been interested in 
the dynamic appearance of the EGJ associated with 
gastroesophageal reflux will be mentioned briefly. 
Reporting on the dynamic EGJ can enrich the view of 
videofluoroscopy and suggest further work up with 
pH monitoring or endoscopy. Topographic informa- 
tion can also help in planning surgical therapy. 

Most patients with heartburn can be managed 
symptomatically. With persistent, atypical symptoms 
investigation may be required. The dynamic evalua- 
tion can diagnose the presence of a hernia, its topo- 
graphic relations, abnormal esophageal peristalsis, 
cricopharyngeal dysfunction and suggestive obser- 
vations, like the cardia rosette, the angle of His and 
the width of the EGJ (Figs. 10.55-10.57). 




Fig. 10.50. i, Zenker’s diverticulum; 2, mid-esophageal diver- 
ticulum; 3, epiphrenic diverticulum 




Fig. 10.51. The esophageal vestibule, a slight broadening of the 
gut distal to the muscular A-ring should end at the level of the 
diaphragm (see Fig 10.56a). A hiatal hernia can be diagnosed 
when the vestibule ends at least 2 cm above the EGJ. The 
recess between the vestibule and the EGJ may be diagnosed 
as a part of the stomach, protruding upward into the thorax 
- a hiatal hernia 
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Fig. 10.52a-c. a A 73-year-old woman with heartburn and mild dysphagia. In the prone right anterior oblique position a 
cricopharyngeal bar is visible, b The end of the esophageal phase reveals an about 7-cm large hiatal hernia, c Turning the patient 
supine gastroesophageal reflux to the upper third of the esophagus was present. pH monitoring is the gold standard for directly 
measuring reflux. However, if reflux to the upper esophagus can be demonstrated, a further clinical work up is recommended 





Fig. 10.53. The two graphs on the left represent the normal appearance of the esophagogastric junction, the graph on the right 
demonstrates an axial hernia and an obtuse angle of His (Fujiwara et al. 1998; Munzer 1997) 





MIXED HERNIA 
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Fig. 10.54. Axial hiatal hernia is common. When a part of the hernia reaches more cranially than the EGJ, it is called a “mixed 
hernia”. Paraesophageal hernia is characterized by an EGJ at the level of the hiatus and a hernia, which enters the thorax sepa- 
rately left and ventrally to the EGJ. An intrathoracic or upside-down stomach means a complete displacement of the stomach 
into the mediastinum 






Fig. 10.55a-c. a In the supine position, the esophageal vestibule should be cleared completely when 
a 10-ml bolus of barium has been swallowed with the single-swallow technique, b A subtle mucosal 
ring delineates the proximally sited esophageal vestibule and a 3 -cm hernia between the vestibule 
and the EGJ. c Double contrast radiography of a hernia can show a long-lasting gaping of the EG} 
for several seconds 





Fig. 10.56a-d. a The cardia is anchored by sur- 
rounding phrenoesophageal membrane. The cardia 
is represented by stellate folds, radiating centrally 
as the cardiac “rosette” - the normal appearance, b 
Weakening of the ligaments can cause a funnel shaped 
cardia due to laxity of ligamentous attachments 
(Herlinger 1980). c In severe ligamentous laxity a 
continuous gaping of the EGJ for some seconds can 
be seen between the swallows, d The angle of His, first 
described in 1903 is the angle at which the esophagus 
enters the stomach. The angle is determined between 
the esophagus and the top of the fornix. The angle 
should be acute and not obtuse. After the application 
of effervescent powder, the His angle can be observed 
in the upright position 
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Fig. 10.57. A wide internal diameter of the cardiac esophagus 
of over 2.5 cm might be abnormal (Graziani et al. 1983) 
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abscess 16, 143, 156, 185, 189, 202, 203 

- peritonsillar 16 

- retropharyngeal 143, 185, 202 
absorbed energy, see radiation 
abulia 212 

achalasia, see esophagus 
adenocarcinoma, see esophagus 
adenoid cystic carcinoma, see esophagus 
adenoma, see esophagus 
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- primary 207, 208 

- secondary 207 
AIDS, see syndrome 
alcoholism 117,119,174 
alendronate 133,213 
amyl nitrite 115 
amyloidosis 18,112,119 

amyotrophic lateral sclerosis (ALS) 18, 48, 112, 219 

anaesthesia 168, 169, 172, 175 
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anemia, iron deficiency 64, 139, 142 

aorta, double arch 199 

aphasia 19,20 

aponeurosis, palatine 5, 7, 5 1 

artery 
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bar, see muscle, cricopharyngeus 
barium, see contrast material 
bedside examination 39, 99, 100, 101 
biofeedback 168, 171, 

bolus 1, 3, 16, 37, 42, 45, 88, 99, 104, 106, 110, 208, 219, 223 

-solid 34,112 

bone 

- hyoid 1, 2, 3, 9, 39, 42, 52, 81, 208 

- sphenoid 5, 6 
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b otulinum toxin 94,158,179 
botulism 18,94 
brainstem 1 3, 42, 48, 208 
- tumour 48 

bread sphere 34, 101, 102, 223, 224 
bronchopneumonia 45 



C 

Candida albicans, see esophagitis 
cartilage 

- arytenoid 3, 10, 51, 65, 169 

- corniculate 3 
-cricoid 2,6,7,51,65 

- epiglottic 51 
-thyroid 2,6,7,9,10,51,52 

- triticeal 2 

- tubal 5 

cervical auscultation 2 1 
chemotherapy 1 8, 85, 9 1 
chest pain 115,174 

- non cardiac 218 
chewing, see mastication 
chin-tuck, see postural technique 
choking 19, 34, 45, 55, 57, 195, 218 
chondroma 65 
chromoendoscopy 176, 179 
cleft 

- palate 87, 88, 92 

- branchial 55 

coagulation, argon plasma 175 
collimation 28, 33 
commissure, posterior 169 
compensation 33 s 49 
computed tomography (CT) 185, 197 
contact granuloma, see vocal fold 
contrast material 

- barium sulphate 23,28, 30, 32,42, 51, 110, 156,223,239, 
243, 250 

- barium tablet 34 

- iodine 30, 63, 88, 101,1 19, 156, 197, 222, 223 
corrosive ingestion 63, 203 

cough 17, 19, 20, 24, 39, 42, 45, 66, 100, 123, 142, 167, 170, 174, 
200,202,210,217,218,231 
cough reflex 17, 19,22,44,45, 169, 170, 171 
cyst, branchial 55 
cyst, bronchogenic 198 
cyst, duplication 136, 174, 199 
cyst, neuroenteric 199 
cyst, thyroglossal duct 65, 199 
cystic fibrosis 203 
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decompensation 33 
delayed initiation 42, 104, 106 
dementia 18,48,207,212,219 
dermatomyositis 18, 1 12, 119, 236 
diabetes mellitus 1 12, 1 17, 119, 149, 174 
diet, modification 105 

diffuse esophageal motor disorder, see esophagus, motility 
disorder 

diffuse esophageal spasm, see esophagus, motility disorder 
diffuse idiopathic skeletal hyperostosis (DISH) 19 
dilator 159,204 
disease 

- Alzheimer’s 18,212 

- cerebrovascular 18, 19,39,48,207,219 

- Chagas’ 112,119,174 

- Crohn’s 134 

- graft-versus-host 18, 120, 134 

- heart, ischemic 174 
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- motor neuron 48 

- Parkinson’s 18,48, 112, 119,207,212,219,226 
-polymyositis 18,119 

dissociation 42, 103, 106, 208, 209, 212 
diverticulum 

- epiphrenic 120, 140, 162, 191, 248 

- Killian-Jamieson 57 

- midesophageal 120, 248 

- pharyngeal 55, 56, 120 

- pseudo Zenker’s 57, 239 

- pulsion 90, 120, 121, 140, 141 

- traction 120, 140, 141 

- Zenker’s 9, 16, 18, 20, 56, 66, 120, 140, 171, 185, 218, 219, 
239,242,248 

drooling 16,20,203,224 
duct, thyroglossal 199 
dysarthria 19,20 
dysglossia 20 

dysphagia 15, 16,24,55,89, 115, 117, 120, 161, 168, 174,218 

- esophageal 15 

- Lusoria 174, 190 

- mechanical 17, 18 

- neurogenic 19, 21, 27, 28, 93, 218 

- oropharyngeal 13,218 

- post-therapeutic 86, 88 

- psychogenic 17, 18, 204 
dysphonia 20, 168, 169 
dyspnea 169 
dyspraxia 212 

E 

effective dose, see radiation 
elderly, see ageing 

elevation, laryngeal 9, 13, 17, 40, 79, 81, 103, 105, 106, 229 

encephalitis 18 

endoscope 

- flexible 158, 168, 170, 172, 175 

- rigid 158, 168, 169, 172, 174, 179 
endoscopy 173,175,219 

- autofluorescence 173 

- chromoendoscopy 176, 179 

- contact 173 

- direct rigid 172 



- fibreoptic evaluation of swallowing (FEES) 21, 35, 171, 219 

- fibreoptic evaluation of swallowing with sensory testing 
(FEESST) 172 

epidermolysis bullosa 63, 64, 134 

epiglottis 2, 6, 9, 10, 1 1, 39, 42, 61, 100, 106, 169, 228 

- tilt 78 

epiglottitis 16,62 
epistaxis 169 
esophagitis 

- alcohol-induced 134 
esophagitis 

- alkaline reflux 134 

- Candida 33, 112, 130, 178,203 

- caustic 134 

- cytomegalo virus (CMV) 131 

- drug-induced 133 

- eosinophilic 134 
-herpes 131 

- HIV 132 

- opportunistic 131 

- radiation 133 

-reflux 117,119,127, 176,203 

esophagogastric junction, see gastro-esophageal junction 
esophagus 12 

- achalasia 16, 17, 56, 109, 1 12, 130, 132, 137, 149, 150, 153, 
158-160, 174, 178, 180, 183, 192,201,202,213,218, 243,244, 
245, 248 

--secondary/pseudo 114 
--vigorous 115 

- adenocarcinoma 73, 1 14, 1 15, 1 19, 129, 137, 138, 155, 162, 
176, 177, 186,213,252 

- adenoid cystic carcinoma 73 

- adenoma 135, 189 

- atresia 112, 116, 174, 179, 197 

- Barrett's 117, 119, 129, 135, 137, 155, 161, 162, 176, 180, 
203,213 

- carcinoma 73, 114, 136, 174, 178, 186, 

- carcinoma, tumour staging 186 

- corkscrew 115,116,213 

- diverticulum 174, 190, 191, 248 

- endoscopy 139 

- fistula 174, 189 

- hemorrhage 153 

- hiatal hernia 121, 129, 130, 140, 157, 158, 174, 179, 190, 191,248 

- lymphoma 139 

- motility disorders 16, 18,20,51,94, 112, 117, 119, 120, 149, 
150,174,179,218, 244 

- nutcracker 112, 116, 150, 174,213 

- perforation 63, 110, 134, 142-144, 154, 156, 158, 164, 175, 
176, 179, 190, 196, 202, 203, 204, 220, 223 

- peristalsis, primary 13-15, 50, 162, 174, 176, 178, 179 

- peristalsis, secondary 14, 1 10 
-ring 139,218 

- ring, vascular 199,200 

- squamous cell carcinoma 65, 69, 1 15, 184 

- squamous cell epithelium 12, 169 
-stenosis 143,171,191,198 

- stent 153, 163, 175 

- stricture 118, 119, 129, 142, 153, 160, 174, 176, 190, 191,204 

- ulcer 57, 63, 67, 73, 122, 127, 129, 131 

- web 20, 46, 51, 64, 65, 87, 127, 139, 145, 174, 178, 198, 199, 
202,218,239,241 

exercises, oral motor 106 
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F 

fatigue 100, 104 
faucial isthmus 37, 42, 45, 208 
feeding respiratory pattern 35 
pharynx, fibrous layer 5 
fistula 

- aortesophageal 143 

- esophagopleural 142 

- tracheoesophageal 18, 142, 179, 197 
floor of the mouth 3 
fluoroscopy 28 

- pulsed 197 
fold 

- aryepiglottic 10, 12, 62, 64, 65, 100 

- fglossoepiglottic, median 10 

- pharyngoepiglottic 9,10,11 

- thyrohyoid, median 9 

- ventricular 10 
-vocal 13,44,169 
food 

- colouring 170 

- impaction 45 

- refusal 195 

- solid 218 

foreign body 43, 44, 142, 156, 158, 169, 171, 174, 177, 179, 189, 

202.204.218 
fossa, nasal 169 

fossa, tonsillar 55, 62, 100 
fundoplication, Nissen 162,204 

G 

gag, see reflex 
gamma-knife therapy 85 

gastroesophageal reflux (GER) 57, 111, 152, 197, 201, 203, 

204.218 

gastroesophageal reflux disease (GERD) 16, 120, 121, 160, 
218 

gastro-esophageal junction 109, 110, 114, 115, 118, 119, 121, 
123, 127-129, 135, 139, 140, 151, 154, 158, 175, 176, 190,204, 
218,220, 223,243 
gastrostomy 106,203,204 
gland, salivary 13,65,73 

globus 15, 16, 20, 24, 86, 88, 1 10, 167, 174, 185, 218, 221, 240, 
241 

glycogenic acanthosis 135 

goitre 18, 142 

Gray (Gy), see radiation, dose 

H 

halitosis 57 

head down, see postural technique 

heartburn 15, 20, 23, 24, 1 13, 117, 122, 174, 217, 218, 220, 248, 
249 

hemangiomas 135, 188 
hemi-pharyngectomy 90 
hiatal hernia, see esophagus 
hoarseness 57, 66, 151, 168, 169 
hyperrhinophonia 20 
hyperthyroidism 112,119 

I 

image intensifying screen 34 
incisure, interarytenoid 11,12 



ingestion 13, 33, 37, 41, 45, 49, 63, 64, 133, 134, 156, 161, 174, 
179, 191, 195, 202, 203, 208, 209, 212, 213, 225 
intestinal metaplasia 176 
intoxication 18 

J 

jejunostomy 106 

jet phenomenon 64, 65, 139, 241 

K 

Killian’s dehiscence 56, 57 
Killian’s mouth 12 
Killian’s opening 9 
Killian-Jamieson space 57, 59 

L 

Laimer’s triangle 7, 8, 9 
laryngectomy 17,71,85,86, 88, 90 
laryngitis 169 

- chronic 169 

- reflux 169 

laryngopexy, see larynx suspension 
laryngopharyngectomy 185 
laryngospasm 169 

larynx 1, 5, 9-1 1, 13, 16, 22, 35, 42, 79, 169, 180, 184, 199, 200, 
208, 209, 219, 227, 228, 234, 237 

- carcinoma 66, 85, 173 

- suspension 94 
last image hold 197 

leakage 16, 33, 35, 37, 41, 45, 103, 106, 143, 171, 198, 220, 224, 
226, 232 

leiomyomas 135, 136, 187, 189, 199 
leiomyosarcoma 139, 187 
ligament 

- cricothyroid 2, 3 

- glossoepiglottic, median 3 

- hyoepiglottic 3, 9 
-stylohyoid 1,6,7 

- stylomandibular 4 

- thyroepiglottic 2, 3, 9 

- thyrohyoid 2, 6, 9 
lipoma 65, 135, 188 

lump in the throat 16, 24, 185, 218 
lye 

- ingestion 64, 134, 191 

- stricture 134, 137 

lying down, see postural technique 
lymph node 69, 70, 141, 183, 184, 186 
lymphoid hyperplasia 59, 6 1 
lymphoma 61, 70, 139, 184, 187, 189 

M 

magnetic resonance imaging (MRI) 21, 26, 36, 186, 197, 212 
malformation, Arnold Chiari 18, 202 
Mallory- Weiss tears 154 
malnutrition 15 

management team, interdisciplinary 170 
mandible 1,3,4,6,73 

- mental spine 1,3,4 

- mylohyoid line 1, 3, 6 
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manoeuvre 

- compensatory 42, 171, 219 

- double swallow 106 

- effortful swallow 102, 104, 105 

- Heimlich 45 

- lip pursing 106 

- Mendelsohn 93, 102, 104, 105, 106 

- Mueller 88 

- super-supraglottic swallow 102, 104, 105 

- supraglottic swallow 104, 105, 106 

- supraglottic swallow, modified 106 

- swallowing 104 

- therapeutic 99, 220 

- Valsalva 88, 89, 112, 123, 183, 184 
manometry 77, 115, 116, 119, 120, 127, 179,220 

- esophageal 20, 2 1, 23, 34, 78, 79, 1 10, 1 12, 1 13, 1 15, 1 16, 149, 
150, 151, 167, 178, 179, 218, 220, 244, 246, 

-perfused 78,80,81 

- pharyngeal 36, 77 

- solid-state 79 
marshmallow 34, 1 1 1 
mastication 13, 93, 99, 101, 103, 106 
melanoma, malignant 139,187 
meningitis 18 

microlaryngoscopy 169, 172, 173 
mucoepidermoid carcinoma, see esophagus 
mucosal ablation 153, 155, 163 
mucosal resection 155, 163, 175 
multiple sclerosis 18, 48, 112,219 
muscle 

- aryepiglottic 8, 9, 10, 12 

- arytenoid 10, 1 1, 54 

- arytenoid, lateral 10 
-cricoarytenoid 10,53,54 

- cricoarytenoid, lateral 10 

- cricopharyngeus 13, 45, 46, 56, 59, 60, 80, 100, 105, 135, 136, 
185,239, 240 

- cricopharyngeus, achalasia 16, 17 

- cricopharyngeus, bar 36, 45, 46, 59, 202, 237, 239, 240, 249 

- cricopharyngeus, hyperplasia 46 

- cricopharyngeus, hypertrophy 46 

- cricopharyngeus, myotomy 40, 2 1 9, 220 

- cricopharyngeus, pseudoachalasia 1 14 

- cricothyroid 10, 11 

- cricothyroid, pars obliqua 7, 10, 56 

- cricothyroid, pars recta 10 

- digastric 9, 40 

- digastric, anterior belly 13 

- digastric, posterior belly 13 

- genioglossus 1, 3 

- geniohyoid 3, 4, 9, 40 

- glossopalatinus 4-6 

- glossopharyngeal 4-6 

- hyoglossus 4, 40 

- levator veli palatinum 4-6 

- longitudinal, deep 4, 5 

- longitudinal, superficial 4, 5 

- masseter 13 

- mylohyoid 1, 3, 4, 9, 13, 40 

- omohyoid 3, 40 

- palatoglossus 6, 40 

- palatopharyngeal 5-8, 40, 5 1 

- pharyngeal constrictor 37, 209 



- inferior 6, 40 

- middle 6, 40, 42 

- - superior 5, 40, 42 

- pterygoid 13 

- pterygopharyngeal 40 

- salpingopharyngeus 40,51 

- sternocleidomastoid 55 

- sternohyoid 3, 40 

- sternothyroid 40 

- strap 40 

- styloglossus 4-6, 40 

- stylohyoid 3, 4, 9, 13, 40 

- stylopharyngeal 6-10, 13,40,51,52,54 

- temporalis 13 

- thyroarytenoid 9, 10 

- thyroepiglottic 8-10, 12 

- thyrohyoid 3, 4, 9, 40, 44, 52, 54, 55 

- lingual, transverse 4, 6 

- ventricular 10 

- lingual, vertical 4 

MUSE (metaplasia, ulcer, stricture, erosions) 176 

myasthenia gravis 1 8, 48, 1 1 2, 2 1 9, 227 

myopathy 18 

myotonia 18 

myotonic dystrophy 48 

myxedema 119 



N 

nasopharynx 1 3, 39, 40, 69, 70, 202, 222, 227 
near-fatal choking episode, see choking 
neoglottis 90 
neopharynx 88, 90 
nerve 

- facial 13 

- glossopharyngeal 13 

- hypoglossal 73 

- laryngeal 2 

- recurrent laryngeal 13 

- superior laryngeal, internal laryngeal branch of 52, 54 

- trigeminal 13 
-vagus 12,13,119 
neurofibroma 65 
neurofibromatosis 65 
neuropathy, autonomic 1 8, 1 1 9 
newborn 1, 198 

nonsteroidal anti-inflammatory drugs (NSAID) 133, 213 

nuclear medicine 1 97, 20 1 

nucleus 

- ambiguus 13 
-dorsal vagal 13 

- solitary tract 13 

nutrition 15, 19, 20, 102, 106, 163, 218 



O 

odynophagia 15, 16,20,62,66, 131, 135, 168, 174,218 

oedema, Reinke’s 169,170 

oncocytoma 65 

one stop shopping 217 

oral cavity 1, 5, 10, 13, 16, 20, 28, 33, 37, 42, 217, 219, 222, 
232 

osteophyte 19, 20, 65, 142, 209, 234 
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P 

palate, hard 7, 225 

palate, soft 4-6, 1 1, 13, 33, 37, 42, 52, 67, 72, 73, 78, 86, 87, 92, 
93, 99, 100, 222, 224, 225, 227, 229 
palsy, bulbar 48 
palsy 

- cerebral 18 

- pseudobulbar 48 
papilloma 65, 134, 135 
Passavant’s ridge 42, 90 
pemphigoid 63, 64, 134 
penetration 39, 43, 104, 171, 228 
penetration, see swallow, misdirected 
penetration, nasal 16 
pericarditis 174 

peristalsis, see esophagus 
pH monitoring 123, 150 
phagophobia 18 

pharyngesophageal segment (PES) 12, 39, 40, 45, 56, 78, 79, 
80, 84, 88, 89, 95, 100, 210, 222, 239, 245 
pharynx 10 

- arch 6,11 

- carcinoma 169 
-epi- 11,169 

- hypo- 11, 15, 51, 52, 64, 71, 169, 172, 175, 179, 180, 183, 185, 
237 

- meso- 11 

- posterior wall 169 

- pouches 55 

- stenosis 171 

- trauma 62 
phonosurgery 172 
platysma 13 
pleural effusion 198 
plexus, Auerbach's 12 
pneumatic dilatation 159 
pneumomediastinum 198 
pneumonia 172,210,218,219 

- aspiration 15, 17, 45, 85, 219 
pneumothorax 142, 198 
poliomyelitis 48, 1 12, 219 
polyp 

- fibrovascular 65, 135 

- inflammatory 128 
position, see postural technique 
postcricoid region 169 
postural technique 

- chin tuck/head down 104, 106 
-head back 104 

-head rotate 106 
-head tilt 104,106 

- lying down 104 
-Trendelenburg 112 
potassium chloride 133,213 
presbyesophagus 117, 174,213 
pressure 

- cavity 77 
-contact 79,81 

- intrabolus 40, 77, 210 

- intraluminal 77, 78 
process 

- hyoid 6 

- pterygoid 5, 6, 7 



- styloid 3, 4, 6 

pseudoachalasia, see muscle, cricopharyngeus 
pseudoglottis 86, 87 

Q 

quadrilateral lamina 2 
quinidine 133 

R 

radiation 

- absorbed energy 34, 154 

- damage 34 

- dose 28, 29, 34, 35, 93, 133, 196, 201 

- effective dose 35 

- ionising 34, 35 

- scattered 35 
radioimmunotherapy 85 
radiotherapy 44, 46, 85, 88, 90-92, 94, 185 
raphe 

- pharyngeal 6, 7 

- pterygomandibular 6 
reflex, gag 45, 168, 169 
reflex, laryngeal adductor 172 

regurgitation 16,20,24,39,55,57,59, 103, 106, 113, 140, 158, 
168, 171, 174, 200, 217, 218, 227 

- pharyngeal 16 

repetitive oral suction and swallowing test (ROSS) 35 

respiration 35 

retention 106, 171 

retention, cyst 64 

rheology 80 

rhinolaryngoscope 168, 173 
rhinopharyngolaryngoscope 170 
rigid hypopharyngoesophagoscopy 174 
ring 

- Schatzki 110, 112, 139, 140, 142, 177,203,218,247 

- see esophagus 

- vascular, see esophagus 
rosary bead 115, 246 

S 

saliva 16,218 

- pooling 170 
sarcoma 

- Kaposi 73, 139 

- synovial 73 

scleroderma 18, 117, 123, 130, 174,219 
sinus 

- branchial pouch 55 

- piriform 11,12, 30, 39, 40, 42, 46, 54, 55, 56, 57, 58, 61, 64, 
69, 71, 74, 87, 169, 183, 184, 209, 21 1, 219, 232 

skull base 1,5,6,11 

sleeve, Dent 79 

space, supepiglottic 9 

space, supraglottic 9 

sphincter, lower esophageal (LOS) 149 

squamocolumnar junction 176 

squamous cell carcinoma, see esophageus 

squamous cell epithelium, see esophagus 

stent, see esophagus 

steroid injection 161 

stimulation, thermal 45 

- tactile 45, 104 
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stomatitis 63 

strategies, therapeutic 99,101,102,106,107 

stricture, see esophagus 

stroboscopy 168, 169, 170, 173 

stroke, see disease 

subglottic region 169, 171 

support level 111,114, 243, 244, 245 

swallow 

- adapted 46 

- compensated 46 

- decompensated 48 

- effortful 104, 105 

- misdirected 2, 16, 24, 25, 29, 32, 41, 43, 44, 48, 104, 208, 210, 
212 

- modified barium 99 

- oral stage 37,41, 200 

- pharyngeal stage 37, 42 

- super-supraglottic, see manoeuvre 

- supraglottic, see manoeuvre 
swallowing centre 13 
swallowing reflex 170 
syndrome 

- acquired immuno- deficiency syndrome (AIDS) 18, 62, 73, 
130-133 

- Behcet’s 63, 134 

- Boerhaave 143, 183, 190, 191 

- Down’s 202 

- Guillain-Barre 18, 112 

- Lambert-Eaton 18 

- Paterson-Kelly 64, 139 

- Plummer- Vinson 64, 70, 137, 139, 178 

- post-polio 18 

- Reiter’s 63 

- Sjogren 120 

- Stevens-Johnson 63, 203 
systemic sclerosis 117,149 

T 

tablet test 24 
taste 13 

technique, postural, see postural technique 

telescope 168 

therapy 

- direct 49 

- functional, swallowing 171 

- indirected 49 
thymic remnant 199 
thyrohyoid membrane 2, 52 
thyroid, ectopic 65 
thyroidectomy 88 
tongue 4, 39, 40, 64, 106, 224 
-base 11,169 

tonsillitis 16 

tonsil, lingual 5 1 

toxic epidermal necrolysis 203 

trachea 2, 169 

transducer, solid state 78 

Trendelenburg, see postural technique 

triggering 16 

- delayed 86 

Trypanosoma cruzi, see disease, Chaga’s 



tube feeding 106 

- Eustachian 55 
tubercle 

- corniculate 11,12 
-cuneiform 11,12 
tumour, 

- granular cell 65, 136 

- fibrovascular 7, 18 

- gastrointestinal, stromal (GIST) 135 

- salivary gland 65, 73 
tylosis 137 

U 

ultrasound 20, 35, 77, 1 15, 197, 198 

- endoscopic (EUS) 155, 167, 179, 

upper esophageal sphincter (UES), see pharyngesophageal 
segment (PES) 
ulceration, see esophagus 
uvula 5,6,11,52,54,63,64 

V 

vallecula 10, 1 1, 16, 40, 42, 46, 55, 56, 61, 62, 64, 66, 69, 71, 73, 
87, 88, 91, 93, 100, 104-106, 169, 209, 21 1, 219, 224-226, 228, 
231 

varices 127, 128, 138, 141, 154, 174, 175, 190, 191, 204 

- downhill 142 

- uphill 141 
vasectasia 169 
vasovagal reaction 169 
water-siphon test 112, 123, 248 
web, see esophagus 

wedge frame 28, 35 
vein, laryngeal 2 

- superior 52 
velum 93, 169, 170 
ventricle, laryngeal 65, 68, 69 
vestibule 

- laryngeal 10-12, 17, 28, 32, 33, 38, 39, 41, 58, 60, 64, 68, 69, 
87, 88,100, 209,220,236 

- subepiglottic portion of the laryngeal 44 

- supraglottic portion of the laryngeal 44 
video 28,100,110,114,170 
videofluoromanometry 81 
videofluoroscopy (VFS) 171, 217 
videomanometry 36,78,81,220 
videopharyngolaryngoscopy 173 
videostroboscopy 169, 173 

vocal abuse 169 

vocal fold, granuloma 169, 172 

- leukoplakia 169 

- paralysis, unilateral 169 

- vibration 168 
voice prosthesis 89 

vomiting 154, 190, 195, 198,200,204,213 
X 

xerostomia 21,87 
X-ray tube 34, 35 

Z 

z-line 176 
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